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Introduction 


The first disease linked to active smoking was lung cancer. It 
is, therefore, not surprising that the first disease linked to 
passive smoking was also lung cancer (USPHS, 1986). Before the 
advent of mass marketed cigarettes, lung cancer was a rare disease. 
The fact that smoking is the major identifiable cause of lung 
cancer made identifying this link -- for both active and passive 
smoking — relatively straightforward. This situation contrasts 
with heart disease, which has many risk factors, so it is not 
surprising that it took longer for the scientific community to 
conclude that active smoking caused heart disease (USPHS, 1983). 
Once the link between smoking and heart disease was established, 
it became clear that smoking accounted for more heart disease 
deaths than lung (and other) cancers because of the high prevalence 
of heart disease. Similarly, smoking is the most important 
preventable cause of coronary disease. Given this history, it is 
not surprising that exposure to environmental tobacco smoke (ETS) 
has now been linked to heart disease in nonsmokers (Wells, 1988; 
Kristensen, 1989) and may result in a substantial number of 
unnecessary coronary heart disease deaths in nonsmokers. 

Most of the evidence linking ETS and coronary heart disease has 
appeared since the US Surgeon General (USPHS, 1986) and National 
Academy of Sciences (NRC, 1986) last reviewed the evidence on the 
health effects of ETS. Based on the information available as of 
early 1986, both these reports concluded that the evidence linking 
ETS and heart disease was equivocal and that more research was 
necessary before any definitive statements could be made. These 
conclusions were reasonable at the time they were made. In the 
four years since these reports were written, considerable 
information on both the epidemiology and biological mechanisms by 
which ETS may cause heart disease has accumulated from several 
areas of scientific investigation. In fact, most of the results 


’This chapter is an adaptation of a peer-reviewed manuscript 
of the same title (Glantz and Parmley, 1990). 
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presented in this chapter were published after the 1986 Surgeon 
General and National Academy of Science reports. 

First, there are now 11 epidemiological studies on the 
relationship between exposure to environmental tobacco smoke in the 
home and the risk of heart disease in the nonsmoking spouse of a 
smoker. All but one of these studies yielded a relative risk 
greater than 1.0. There are several lines of biologic evidence 
which make this association plausible. There is evidence that 
exposure to ETS reduces exercise tolerance of healthy individuals 
as well as people with existing coronary artery disease. Such 
reduced exercise capability is one of the landmarks of acute 
compromises to the coronary circulation. There is evidence, from 
both human and animal studies, that exposure to tobacco smoke, 
including passive smoking, increases aggregation of blood 
platelets. Such increases in platelet aggregation are an important 
step in the genesis of atherosclerosis. In addition, increasing 
platelet aggregation contributes to coronary thrombosis, the cause 
of acute myocardial infarction. Finally, carcinogenic agents in 
ETS, including benzo[aJpyrene have been shown to produce injuries 
to the endothelial cells which line arteries. Such injuries are 
the first step in the development of atherosclerosis. Thus, 
exposure to ETS can contribute to both short term and long term 
insults to the coronary circulation and the heart. 

Effects of Primary Smoking 

Before reviewing the evidence linking ETS with coronary artery 
disease, it is worth summarizing the evidence linking active 
smoking with coronary artery disease. This evidence was summarized 
in the 1983 Surgeon General's Report, which was devoted entirely 
to cardiovascular disease (USPHS, 1983); it concluded: 

In 1980, diseases of the circulatory system were responsible 
for approximately one-half of the total u.S. mortality. CHD 
was the single most important cause of death , accounting for 
approximately 30 percent of all U.S. deaths. 

Cigarette smoking is one of the three major independent CHD 
risk factors. The magnitude of the risk associated with 
cigarette smoking is similar to that associated with the 
other two major CHD risk factors, hypertension and 
hypercholesterolemia; however, because cigarette smoking is 
present in a larger percentage of the U.S. population than 
either hypertension or hypercholesterolemia, cigarette 
smoking ranks as the largest preventable cause of CHD in the 
United States. Cigarette smoking also acts synergistically 
with the other major risk factors to greatly increase the 
risk for CHD. 

Arteriosclerosis is the predominant underlying cause of 
cardiovascular disease, and atherosclerosis is the form of 
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arteriosclerosis that most frequently causes clinically 
significant disease, including CHD, atherothrombic brain 
infarction, atherosclerotic aortic disease, and 
atherosclerotic peripheral vascular disease. Cigarette 
smoking contributes both to the development of 
atherosclerotic lesions and to the clinical manifestations 
of atherosclerotic vascular disease, including sudden death. 

Although the precise pathophysiologic basis of these clinical 
manifestations is not understood, it may be related to 
several deleterious cardiovascular effects of cigarette 
smoking, including production of an imbalance between 
myocardial oxygen supply and demand, a decrease in threshold 
for ventricular fibrillation, and an increase in platelet 
aggregation. Nicotine and carbon monoxide are the tobacco 
smoke constituents most closely associated with these adverse 
effects; other cigarette smoke constituents such as hydrogen 
cyanide, oxides of nitrogen, and carbon disulfide are being 
studied for possible pathologic cardiovascular effects. 

Since 1983, evidence has also mounted that the polycyclic aromatic 
hydrocarbons in cigarette smoke can injure the arterial endothelium 
and initiate the atherosclerotic process. 

» 

All the compounds implicated as damaging to the cardiovascular 
system of smokers have been identified in ETS (USPHS, 1986; NRC, 

1986). 

Epidemiological Studies on ETS and Heart Disease 

Since 1984, the epidemiological evidence linking exposure to 
ETS with heart disease has rapidly accumulated. The results of the 
eleven published studies are summarized in Table 1 and Figure 1; 
four studies present data on men, nine on women, and one on both 
sexes combined. Despite minor differences in methodology or end 
points (some used death from ischemic heart disease of any origin 
and some were limited to death from myocardial infarction), the 
results of these studies are remarkably consistent. All the 
studies on men yielded relative risks of death from heart disease 
exceeding 1 for nonsmoking men married to smokers, with a median 
risk of 1.2. All but one of the studies on women (Lee et al, 1986) 
yielded relative risks exceeding 1, with a median relative risk of 
1.4. Several studies also suggested an increase in the risk of 
nonfatal coronary symptoms (Svendsen et al, 1987; Palmer et al, 

1988; Hole et al, 1989; Dobson et al, 1990); quantitative results 
in Table 1 only reflect risk of death, not coronary symptoms. 
Consistency of an observation across different studies increases 
the confidence one can have in the belief that an association is 
causal, unless all studies have the same bias. 


When interpreting the results of such epidemiological studies, 
it is always important to consider biological plausibility and 
potential confounding variables which could explain the results. 
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Aside from noting that the compounds in mainstream smoke that have 
been implicated in heart disease are in ETS, we will defer the 
discussion of biological plausibility until later in this chapter, 
when we discuss the effects of ETS on platelets and the atherogenic 
agents in ETS. For now, we will concentrate on potential 
confounding variables. These are particularly important in a 
disease like heart disease, because it is known to be caused by 
multiple risk factors. 

All of the studies controlled for the most important confounding 
variable, age, and several (Garland et al, 1985; Svedsen et al, 
1987; He, 1989; Hole et al, 1989; Humble et al, 1990) controlled 
for several known risk factors for coronary artery disease, in 
particular levels of cholesterol, blood pressure and weight (or 
body mass or body mass index). Most of the studies also included 
one or more measures of socioeconomic status, such as the nature 
of the housing or amount of education. 

Lee (1988, 1989, 1990) has suggested that the elevated risk of 
heart (and other) disease with passive smoking could be due to 
misclassification of nonsmokers who are really smokers. . In 
addition, Wald (1986) has noted that some people who say they live 
*£_ith nonsmokers- have detectable levels of the nicotine metabolite 
cotinine in their blood, indicating that they are actually exposed 
to ETS, either at work or at home. The former type of 
misclassification will tend to lead to an overestimate of the risks 
associated with ETS and the latter will lead to an underestimate 
of the risk. Careful analysis of the question of misclassification 
— which applies generally to studies of ETS and not just heart 
disease — have demonstrated that the observed risks cannot be 
explained by this technical problem (Wald, 1986; Wells, 1986, 1988, 
1990; Kawachi and Pearce, 1989; Reinken, 1989). In addition, both 
the Surgeon General (USPHS, 1986) and the National Academy of 
Sciences (NRC, 1986) were presented with the argument that 
misclassification errors accounted for the link between ETS and 
luncf cancer and concluded that ETS caused lung cancer in healthy 
nonsmokers. To date, no compelling case has been made that this 
technical error explains consistent findings linking ETS with heart 
(or lung) disease. Indeed, the net effect of these two types of 
misclassification errors is to lead to an underestimate of the 
effects of passive smoking for lung cancer. 

There is always the possibility that there is some other 
confounding variable relating to cultural factors, such as the 
nature of housing or employment or the nature of time spent outside 
the home. Most studies look only at a crude measure of 
exposure—spouse smoking—and it is possible that this is an 
indicator variable for other things, such as poor diet, risky 
lifestyle, or stress. The fact that results are similar from all 
over the world in widely varying cultural settings — including 
several regions in the United States, the United Kingdom, Japan, 
and China — argues against this concern. 
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Several authors also observed a dose-response relationship 
(Table 1) between increasing amounts of smoking by the spouse and 
the risk of heart disease in the nonsmoking spouse (Helsing et al, 
1988 (statistically significant in women, but not men) ; Hole et al, 
1989; Garland et al, 1985 (although not statistically significant); 
Humble et al, 1990; He, 1989; Hirayama, 1984). The presence of 
such dose-response effects across multiple studies, done in 
different locations with different criteria supports the hypothesis 
that the epidemiology is revealing a real effect of ETS on heart 
disease in nonsmokers. 

While all but one of the studies in Table 1 and Figure 1 yielded 
relative risks greater than 1, the fact remains that 3 of the 
studies in men and 4 of the studies in women had 95% confidence 
intervals for the relative risk of passive smoking for heart 
disease that fell below 1.0, meaning that the risk was not 
statistically significantly elevated above 1.0 (with P<.05). It 
is important to note that the 95% confidence intervals do not lie 
symmetrically about 1.0, but rather are skewed towards higher 
risks. To avoid false negative conclusions, Rothman (1978) 
.suggested examining the confidence interval, as we have done, in 
concluding the exposure to ETS elevates the risk of heart disease. 

One can assess formally how confident one can be in reaching a 
negative conclusion by computing the power of the study to detect 
an effect of specified size (Friedman et al, 1978) . Table 1 shows 
estimates of the power of each of the studies to detect a 20% 
increase in risk'of heart disease (i.e., a relative risk of 1.2) 
with the available samples. The power was computed as described 
in Muhm and Olshan (1989), using a two-sided test for the relative 
risk with a Type I risk of 5% (i.e., requiring the 95% confidence 
interval for the relative risk to exclude 1.0 before concluding a 
statistically significant elevation in risk in an individual 
study). Most of the studies have low to moderate power. The two 
(Helsing et al, 1988; Hole et al, 1989) that have power above the 
desirable level of 80% both identified significant increases of 
heart disease risk with ETS exposure. Interestingly, the study by 
Lee (1986) which was the only one with a relative risk below 1, 
also had the lowest power to detect an effect, only 3%. 

It is possible to combine the results of these studies in a 
formal analysis to derive a global estimate of the relative risk 
and associated 95% confidence interval. By combining the studies, 
the sample size and so the power to detect an effect increases. 
Pooling the studies in Table 1 yields an estimate of the relative 
risk of death from heart disease of 1.3 (95% Cl 1.1-1.6) for men 
and 1.3 (95% Cl 1.2-1.4) for women. These results are consistent 
with those reported by Wells (1988) who used the studies by Gillis 
et al (1984) , Lee et al (1986), and Helsing et al (1987) to compute 
a pooled relative risk of 1.3 (with a 95% confidence interval from 
1.1 to 1.6) for men and the studies by Hirayama (1984), Gillis et 
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al (1984), Garland et al (1985), Helsing et al (1988), Lee et al 
(1986), and Martin et al (1986) to compute a pooled relative risk 
of 1.2 (with a 95% confidence interval from 1.1 to 1.4) for women. 
Exposure to ETS significantly (p < 0.001) increases the risk of 
death from heart disease in nonsmokers. 

Finally, it is worth noting that all these studies are based on 
the smoking habits of the nonsmoker's spouse . and so exposure to 
ETS at home. Household exposures to ETS at home are generally much 
smaller than exposures at work, where the density of smokers is 
generally higher (Repace and Lowrey, 1985,1987). As a result, 
these studies will generally underestimate the risk and attendant 
public health burden due to ETS-induced heart disease if a 
substantial proportion of the controls are exposed at work. 
Kawachi et al (1989) have adjusted Wells 1 (1988) relative risks to 
account for workplace exposures to ETS and found that the relative 
risks increase to 2.3 (95% Cl 1.4 - 3.4) for men and 1.9 (95% Cl 
1.4 - 2.5) for women. In addition, Wells (1988) and Kawachi et al 
(1989) indicate that the number of heart disease deaths due to 
passive smoking is an order of magnitude greater than the number 
of lung cancer deaths due to passive smoking. 

These epidemiological studies demonstrate a connection between 
ETS exposure and death from heart disease. We now turn our 
attention to possible physiological and biochemical mechanisms 
which could explain these observations. 

Acute Effects of ETS Exposure 

Chronic exposure to ETS exerts carcinogenic effects by 
increasing the cumulative risk of a molecule of one of the 
carcinogens in the ETS damaging the DNA in a cell and initiating 
or promoting the carcinogenic process. To date, no one has 
identified any effects of acute exposure to ETS (or, for that 
matter, any other carcinogen) on cancer. The situation with heart 
disease is different. In heart disease there are both important 
chronic changes (i.e., the development of atherosclerotic lesions) 
and acute changes. The latter include an increase in myocardial 
oxygen demand which may outstrip the oxygen supply and produce 
ischemia, and increased platelet aggregation which can lead to 
coronary thrombosis and acute myocardial infarction. 

When the coronary circulation cannot provide enough oxygen to 
the myocardium to meet the demand, the result is ischemia which can 
be silent or result in anginal chest pain. Earlier onset of angina 
or hypotension during exercise is a reflection of more severe heart 
disease. Oxygen supply can be reduced by atherosclerotic narrowing 
or vasoconstriction of the coronaries or by reducing the oxygen 
carrying capacity of the blood by forming carboxyhemoglobin. 
Khalfen and Klochkov (1987) confirmed earlier work by Aronow (1978) 
demonstrating that exposure to ETS significantly reduced exercise 
ability in patients with coronary artery disease and the rate 
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pressure product (heart rate times systolic blood pressure). In 
both studies, patients were exposed to realistic levels of ETS by 
simply sitting in a waiting room while someone was smoking. These 
effects were present in both smokers and nonsmokers (Khalfen and 
Klochkov, 1987) and regardless of whether or not the room was 
ventilated (Aronow, 1978; Khalfen and Klochkov, 1987). Exposure 
to ETS also increased resting heart rate and systolic and diastolic 
blood pressure, and resulted in a lower heart rate at the onset of 
angina (Aronow, 1978). Blood carboxyhemoglobin was increased by 
about 1% after exposure to ETS (Aronow, 1978) . Sheps et al (1987) 
found no change in cardiovascular function in subjects with angina 
in response to mild elevation in blood carbon monoxide similar to 
that experienced in passive smokers when they exposed their 
subjects to pure carbon monoxide. In contrast, Allred et al (1989) 
found a significant dose-response relation between 
carboxyhemoglobin level and the change in the length of time to 
both electrocardiographic and symptom manifestation in men with 
angina pectoris exercising after exposure to CO. Even a small 
increase in the carboxyhemoglobin level, representing a seemingly 
minor reduction in the oxygen-carrying capacity of hemoglobin, was 
associated with the statistically significant effects. Acute 
exposure to ETS leads to an imbalance between myocardial oxygen 
supply and demand during exercise in patients with coronary artery 
disease. While this discussion has concentrated on the carbon 
monoxide in ETS as the active agent, it is likely that some other 
component of the ETS is also contributing to this effect. 

The effects of ETS on cardiac performance are, in fact, severe 
enough to affect exercise performance in young healthy subjects 
with no evidence of heart disease. McMurray et al (1985) blindly 
exposed young healthy women to pure air and air contaminated with 
ETS while they exercised on a treadmill. The results were similar 
to those observed in patients with coronary artery disease. 
Resting heart rate was increased during exposure to ETS, which 
increased blood carboxyhemoglobin by about 1%. Exposure to ETS 
significantly reduced maximum oxygen uptake (by 0.251/min and time 
to exhaustion (by 2.1 min). Exposure to ETS also increased the 
perceived level of exertion during exercise, maximum heart rate, 
and C0 2 output. It also significantly increased levels of lactate 
in venous blood (from a mean of 5.5 mM during control period to 
6.8 mM after exposure to ETS). This greater lactate at a lower 
oxygen consumption during the passive smoking trials indicates a 
greater reliance on anaerobic metabolism. The combined effect of 
the reduced oxygen carrying capacity and increased lactate resulted 
in a reduction in maximal aerobic power and the duration of 
exercise. Thus, even in healthy subjects, exposure to ETS 
adversely affects exercise performance. 

The acute effects of CO and direct tobacco smoke on exercise 
performance are well documented in the literature. Exposure to CO 
(or CO in tobacco smoke) , and the subsequent elevation of blood 
carboxyhemoglobin levels to ca. 3%, has been shown to decrease 
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exercise duration in patients with ischemic heart disease and 
decrease short-term maximal exercise duration in young healthy men. 
It is conceivable, therefore, that elevations in COHb due to ETS 
could have similar effects. While the association between active 
smoking and cardiovascular disease is well known (USPHS, 1983), 
little is known about the relative importance of each component of 
tobacco smoke that may be responsible for this relationship. Most 
experts agree, however, that both CO and nicotine are important, 
and other constituents of the smoke may play a role as well. 
Active smoking clearly aggravates the decrease in 0 2 capacity 
induced by CO through an increase in the 0 2 demand of the heart 
(Deanfield et al, 1986). Passive smoking exposes an individual to 
all components in the cigarette smoke, but the CO component 
dominates heavily because only 1% or less of the nicotine .is 
absorbed from passive smoking compared to 100% in an active smoker 
(Wall et al, 1988; Jarvis, 1987). Currently available information 
indicates that acute exposure (1 to 2 h) to passive smoke will 
increase a nonsmoker's COHb level by about 1% (Jarvis, 1987). This 
small incremental increase in COHb due to ETS alone may not be 
enough to trigger acute cardiovascular effects unless combined with 
other sources of CO or with other components of ETS having a 
s-imilar effect (e.g., nicotine). 

Lamb (1984) has suggested that at maximal exertion, levels, up 
to 90% of the oxygen carrying capacity of the blood may be needed. 
Because of the carbon monoxide, and perhaps other constituents, ETS 
reduces this capacity, so the muscle cannot maintain its high rate 
of aerobic metabolism unless cardiac output is further increased; 
people with heart disease and reduced ventricular reserve have 
difficulty meeting this demand. In sum, exposure to ETS increases 
the demands on the heart during exercise and reduces the capacity 
of the heart to respond. This imbalance increases the ischemic 
stress of exercise in patients with existing coronary artery 
disease and can acutely precipitate symptoms. 

Moskowitz et al (1990) found evidence that adolescent children 
of parents who smoked may suffer from chronic tissue hypoxia such 
as that observed in anemia, chronic pulmonary disease, cyanotic 
heart disease or high altitude. These children had significantly 
elevated levels of 2,3-diphosphoglycerate (DPG), which suggests 
that the body is attempting to compensate for hypoxia by increasing 
DPG level in blood to meet tissue oxygen requirements, even after 
correcting for age, weight, height and sex. These changes were 
dose-dependent? the greater the exposure to ETS (measured both in 
terms of parental smoking and serum thiocyanate in the children), 
the greater the increase in DPG. 

There is also evidence that acute exposure to ETS directly 
affects the myocardial muscle at a cellular level. Gvozdjakova et 
al (1984) exposed rabbits in a 50 liter child's incubator to the 
smoke of three burning cigarettes smoked over a 30 minute period 
and measured several variables related to the metabolism of cardiac 
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mitochondria. (Mitochondria are the subcellular elements that 
control cellular respiration; they convert oxygen into usable 
energy in the form of ATP.) They had three groups of rabbits: one 
group exposed to a single dose of ETS, one group exposed to 30 min 
of ETS twice daily for two weeks, and one group exposed to 30 
minutes of ETS twice a day for eight weeks. They measured 
mitochondrial respiration (Q0 2 ) as the consumption of oxygen after 
adding ADP to a vessel containing mitochondrial fragments. Using 
pyruvate as a substrate, mitochondrial respiration QO, was reduced 
significantly compared to control (pure air) for all doses of ETS, 
even a single exposure (Figure 2) , to about half the control value. 

The oxidative phosphorylation rate was also reduced significantly 
at all exposures by about one-third. There were no significant 
changes in the coefficient of oxidative phosphorylation (ADP:0 2 ) 
with ETS exposure. Gvozdjakova et al concluded that pyruvate as 
a substrate was a sensitive indicator of the toxic action of the 
ETS on the oxidative process. 

Later, to further isolate where in the process of mitochondrial 
respiration, the ETS acted, Gvozdjak et al (1985, 1987) reported 
data on succinate, NADH, and cytochrome oxidase activity in the 
mitochondria in the four groups of rabbits. Figure 2 shows the 
results of exposure to ETS on the activity of NADH oxidase, 
succinate oxidase and cytochrome oxidase of myocardial 
mitochondria. The activity of the first two oxidases exhibited no 
changes compared with the control group — neither after a single 
exposure to ETS or following exposures up to 2 weeks. Cytochrome 
oxidase activity decreased both after a single exposure to ETS and 
over time, with increasing effects as the duration of exposure to 
ETS is extended. "The observation that cytochrome oxidase and not 
NADH or succinate oxidase activity was affected by ETS suggests 
that the deleterious effects of ETS on myocardial mitochondrial 
respiration occur at the terminal segment of the mitochondrial 
respiration process. 

Prolonged exposure to carbon monoxide has been shown in some 
studies to induce ultrastructural changes in myocardium (Kjeldsen 
et al, 1974; Thomsen and Kjeldsen, 1974; Lough, 1978). Later, 
Kjeldsen and co-workers (Hugod et al, 1978), using a blind 
technique and the same criteria to assess morphological myocardial 
damage found no significant changes in the coronary arteries or 
aorta in normocholesterolemic rabbits exposed to CO at 
concentrations from 2 00 to 4 000 ppm for' up to 12 weeks. They 
suggested that the positive results obtained earlier were due to 
the non-blind evaluation techniques and the small number of animals 
used in these studies. Later, Hugod (1981) . confirmed these 
negative results using electron microscopy. In addition, the 
earlier studies were conducted at "moderate" levels of CO (100 to 
150 ppm) which are considerably higher than levels of CO found in 
smoke-polluted environments (reported to be as high as 40-50 ppm, 
but more typically are around 10 ppm) (NRC, 1986). These negative 
studies only argue against an effect of CO in inducing coronary 
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atherosclerosis, and not a direct effect of CO on myocardial oxygen 
supply and demand (Deanfield et al, 1986). 

Acute exposure to ETS not only increases the demand and 
compromises the supply of oxygen to the heart as a whole, but also 
reduces the myocardium's ability to use this oxygen to create ATP 
to provide energy to support the heart's pumping activity. This 
effect probably results from several of the compounds in ETS acting 
simultaneously on the cardiovascular system. 

Effects on Platelets 

The action of ETS to increase platelet aggregation is another 
way in which ETS can acutely increase the risk of a coronary event. 
When blood platelets aggregate inappropriately and form a thrombus 
(blood clot) , this clot can form in a fissured plague in the 
coronary circulation and precipitate a myocardial infarction. 
Platelets are important for the normal body process of hemostasis, 
to prevent blood loss after an injury. Hemostasis depends on 
complex interactions among the dynamics of blood flow, components 
of the vessel wall, blood platelets and plasma proteins. A 
thrombus can be considered as an inappropriate form of hemostasis 
and is composed- of a mass of cellular material held together by a 
network of fribrin. Definitive evidence has confirmed that 
platelets play a major role in thrombus formation and embolization, 
especially in the arterial system. In addition, increasing 
evidence has shown that platelet deposition and thrombus formation 
can contribute to the growth and progression of atherosclerotic 
plaques (Fuster and Chesebro, 1981; Ross, 1986). An arterial 
thrombus appears to develop in three phases: platelet adhesion, 
platelet aggregation, and activating of clotting mechanisms. 
Passive smoking increases platelet aggregation and so increases the 
likelihood of thrombus formation and myocardial infarction. 

Table 2 summarizes the results of three studies (Davis et al, 
1985a, 1986, 1989) on the effects of cigarette smoke on platelet 
aggregation and damage to the arterial endothelium (lining). (We 
will discuss the effects on the endothelium below.) Davis et al 
(1989) also measured platelet aggregate ratios and endothelial cell 
counts in nonsmokers before and after being exposed to 20 minutes 
of ETS while sitting in a hospital atrium. Mean values before and 
after passive smoking were 0.87 and 0.78 (P=.002) for platelet 
aggregate ratios and 2.8 and 3.7 (P=.002) for counts of anuclear 
endothelial cell carcasses in venous blood. These changes are in 
between the effects observed after nonsmokers smoked two tobacco 
cigarettes and the effects observed after smoking two non-tobacco 
cigarettes (Davis et al, 1985a) and similar to the values observed 
in nonsmokers who smoked two cigarettes while trying not to inhale 
(Davis et al, 1986). These effects were not correlated with the 
level of nicotine in the blood of the experimental subjects in any 
of these or other (Davis et al, 1985, 1987), related studies on how 
drugs modify platelet aggregation and endothelial cell counts. In 

89 


Source: https://www.industrydbcuments.ucsf.edu/docs/htdlOOOO 


2040Z25124 



Draft - Do not cite or quote 


particular, the effects observed in nonsmokers smoking without 
inhaling were similar to the effects on smokers smoking two 
cigarettes, despite the fact that the plasma nicotine levels in the 
nonsmokers were a factor of 5 smaller than those observed in the 
smokers (Davis et al, 1986) . Other work in the same laboratory 
comparing smoking with snuff use revealed similar changes in 
platelet function in response to these two forms of tobacco use 
(Davis et al, 1990). This result, combined with the finding that 
smoking non-tobacco cigarettes (Davis et al, 1985a) failed to 
produce changes in platelet function as large as observed with 
tobacco cigarettes, suggests that nicotine is an important active 
agent. _ Since non-tobacco cigarettes also affected platelet 
aggregation somewhat, however, it is possible that carbon monoxide 
or other combustion products are also influencing the platelets. 

Sinzinger and Kefalides (1982) measured platelet sensitivity to 
antiaggregatory prostaglandins (E,, I 2 , and D 2 ) before, during and 
after 15 minutes of exposure to ETS in healthy nonsmokers and 
smokers (Table 3). Passive smoking reduced platelet sensitivity 
to the antiaggregatory prostaglandins I 2 and E 2 significantly 
(P<.01) by a factor of about 2 by the end of 15 minutes exposure 
to ETS among nonsmokers. This effect persisted at 20 minutes after 
the end of exposure, and was gone by 40 minutes. Platelet response 
to prostaglandin changed modestly in a similar pattern, but did 
not .reach statistical significance. Among smokers, the control 
level of platelet aggregation was higher (P<.01) and the 
prostaglandins had no significant effects on platelet aggregation 
over time during or following exposure to ETS. Sinzinger and 
Virgolini (1989) also showed that repeated exposure to ETS for one 
hour per day for ten days produced lasting changes in platelet 
function in nonsmokers similar to that observed in smokers. Thus, 
nonsmokers' platelets seem much more sensitive to a single exposure 
to ETS than do smokers' platelets, with platelet sensitivity to 
disaggregating prostaglandins having similar effects in nonsmokers 
acutely exposed to ETS as it does on the chronic levels of platelet 
aggregation observed in long-term smokers. 

Further evidence from the same laboratory that passive smoking 
increases platelet aggregation comes from work by Burghuber at al 
(1986), who had smokers and nonsmokers smoke two cigarettes and 
also exposed a different group of smokers and nonsmokers to ETS in 
an 18 m room in which 30 cigarettes had been smoked just before 
exposing the nonsmokers. They measured the sensitivity of 
platelets to the disaggregating substance prostaglandin I 2 (PGI 2 ) , 
which is released by endothelium and inhibits platelet aggregation. 
(PGI 2 is also called prostacyclin.) Figure 3 shows the results of 
this experiment. In smokers, neither smoking nor passive smoking 
affected the sensitivity of the platelets to the disaggregating 
effect of prostaglandin I 2 . The sensitivity of platelets in 
smokers was also significantly lower than nonsmokers. In contrast, 
platelets were. more sensitive to prostaglandin I, in nonsmokers, 
with both smoking and passive smoking producing similar reduction 
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in platelet sensitivity to prostaglandin I 2 . These results 
suggest that the platelets of smokers are already desensitized to 
the anti-aggregatory substance prostaglandin I^, so that no further 
decrease in aggregation is seen. The significant decrease in 
platelet sensitivity to PGI 2 after acute exposure to ETS suggests 
that after ETS exposure platelets are more likely to aggregate, 
with the adverse consequences described above. 

Earlier work by Saba and Mason (1975) also indicated that 
nicotine increased a variety of measures of platelet aggregation 
in nonsmokers and smokers. While the effects of nicotine on 
platelets from smokers was greater than in nonsmokers, the effect 
generally did not vary with dose (between 2xl0' 9 and 2xl0' 4 molar) , 
suggesting that the effects of nicotine on platelets occur at low 
doses and that the system saturates quickly. This observation may 
explain why passive and active smoking have such similar effects 
on platelets (Sinzinger and Kefalides, 1982; Burghuber et al, 1986; 
Davis et al, 1989). 

The probable link between nicotine and adverse physiologic 
effects is nicotine-induced release of catecholamines. 
Catecholamines are then responsible for increased platelet 
aggregation. This reasoning suggests that beta blockers might 
provide some protection in smokers. This premise is borne out by 
the MAPHY trial —a trial comparing the effects of the beta blocker 
metoprolol to a thiazide diuretic in the control of moderate 
hypertension (Wilkstrand, et al, 1988). For the same reduction in 
blood pressure, the metoprolol treated group had a lower mortality 
than the thiazide treated group. Virtually all of this reduction 
in mortality, however, was seen in smokers, and not non-smokers. 
This study provides evidence that blocking the effects of 
catecholamines (released by nicotine) was the cause of the reduced 
mortality in smokers who were receiving metoprolol. 

In sum, passive smoking has significant effects on platelet 
aggregation, of a magnitude similar to that observed in active 
smoking. Moreover, the response of nonsmokers to both active and 
passive smoking appears to be different from smokers, with 
nonsmokers being more sensitive to low exposures to cigarette smoke 
than smokers. This observation suggests that the pharmacology of 
ETS in nonsmokers may be different than in smokers, with nonsmokers 
being more sensitive to low doses of ETS. In particular, it 
invalidates attempts to estimate "cigarette equivalent" doses of 
ETS in nonsmokers or extrapolating from risks of smoking in smokers 
to effects of ETS on nonsmokers. The resulting increase in 
platelet aggregation can contribute to acute thrombus formation and 
myocardial infarction. 

In addition to the role of platelets in acute thrombus 
formation, platelets are also important in the development of 
atherosclerosis (Ross, 1986). Once there is damage to the arterial 
endothelium, either through mechanical or chemical factors, 
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platelets interact with or adhere to subendothelial connective 
tissue and initiate a sequence which leads to atherosclerotic 
plaque. When platelets interact with or adhere to subendocardial 
connective tissue, they are stimulated to release their granule 
contents. Endothelial cells normally prevent platelet adherence 
because of the nonthrombogenic character of their surface and their 
capacity to form antithrombotic substances such as prostacyclin. 
Once the endothelial cells have been damaged, the platelets can 
stick to them. Once the platelets are bound to the endothelium, 
they release mitogens such as platelet-derived growth factor 
(PDGF), which encourage migration and proliferation of smooth 
muscle cells in the region of the endothelial injury (Fox and 
DiCorleto, 1984). If platelet aggregation is increased because of 
exposure to ETS, the chances of platelets building up at an 
endothelial injury will also be increased. Thus, in addition to 
contributing to acute effects through increasing the likelihood of 
thrombus formation, the effects of ETS on platelets also increase 
the chances that endothelial injury will lead to arterial plaque. 

ETS also plays a role in causing damage to the endothelium and 
initiating the atherosclerotic process. As discussed above, Davis 
et al (1989, 1986, 1985, 1987, 1985b, 1990) found that acute 
exposure to ETS (1989), like active smoking (1986, 1985a, 1987, 
1985b) and use of chewing tobacco (1990), lead to a significant 
increase (P<.002) in the appearance of anuclear endothelial cell 
carcasses in the blood of people exposed to ETS (or tobacco or 
tobacco smoke) constituents. The appearance of these cell 
carcasses indicates damage to the endothelium, which is the 
initiating step in the atherosclerotic process. As noted above, 
in nonsmokers the appearance of endothelial cells following passive 
smoking is almost as great as following primary smoking (Table 2). 

The process by which endothelial injury leads to the development 
of an atherosclerotic plaque, including the role of platelets, is 
described in Figure 4. Based on the information presented so far, 
exposure to ETS appears to produce injuries similar to those 
observed with exposure to primary smoke and also affects platelets 
in a way that increases the chances that they will bind to the 
injured area and promote growth of smooth muscle cells. 

The Role of the Polycyclic Aromatic Hydrocarbons in ETS 

Many atherosclerotic plaques in humans are either monoclonal or 
possess a predominantly monoclonal component (Benditt and Benditt, 
1973), which indicates that the smooth muscle cells of each plaque 
have a predominant cell type. Several animal studies have also 
shown that injections of polycyclic aromatic hydrocarbons (PAHs), 
in particular 7,12-dimethylbenz(a,h)anthracene (DMBA), 
benzo(a)pyrene (Albert at al, 1977; Revis, et al 1984; Penn et al, 
1981; Penn et al, 1986; Majesky et al, 1983) accelerate the 
development of atherosclerosis. Others (Rogers et al, 1980, 1988) 
failed to find an effect of active smoking or the extent of fatty 
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deposits in the coronary arteries of baboons. (There was a 
significant effect on the carotid arteries.) Benzo(a)pyrene is an 
important element in ETS (USPHS, 1986) . The effects of PAHs or 
other carcinogenic or mutagenic elements in ETS (Remmer, 1987) 
relates directly to the response to injury theory of atherogenesis 
discussed above (Ross, 1986). Changes in the underlying smooth 
muscle stimulated by these agents could then initiate the "injury" 
that leads to platelet aggregation and plaque formation. Thus, 
chronic exposure to ETS could have effects on plaque formation 
through mechanisms similar to that by which long term exposures 
produce cancer in other organs. 

Albert et al (1977) gave chickens weekly intramuscular 
injections of DBMA and benzo (a) pyrene for up to 22 weeks, then 
killed the chickens at various times beginning after 13 weeks and 
measured the plaque volume in the chickens' aortas. They found 
that both DBMA and benzo(a)pyrene significantly increased the 
volume of plaque compared to control chickens who had just received 
injections of the solvent used to carry these agents. This study 
provided the first evidence that known carcinogenic chemicals could 
be atherogenic as well. 

Penn et al (1981) extended this result in a similar experiment 
by showing that the effects of DBMA on the extent of plaque buildup 
in chickens was dose-dependent. The median cross-sectional area 
of plaques on individual aortic segments and the plaque volume 
index (an approximate measure of the total volume of plaque per 
aorta) increased in a nearly linear fashion with DBMA dose. In 
contrast to the marked increase in plaque area in the DBMA-treated 
animals, there was only a slight increase in the percentage of 
aortic sections with plaques in carcinogen-treated animals than in 
controls. Plaques with a small cross sectional area were present 
in all animals. Lesions of widely differing cross sectional areas 
appeared to be similar histologically under the light microscope. 
Together, these data suggest that a major effect of chronic DBMA 
exposure is to increase the size of spontaneous aortic lesions. 
Rather than inducing some sort of cancer-like change in an 
individual cell that begins the process which ultimately leads to 
formation of a plaque, Penn et al suggested that chronic DBMA 
exposure causes preferential division of individual cells or 
patches of cells within the preexisting spontaneous lesions. From 
this perspective, DBMA and other exogenous compounds would be 
acting as a mitogen, similar to that released by activated 
platelets, to stimulate division of aortic smooth muscle. 

Revis et al (1984) found similar results in White Carneau 
pigeons injected with DMBA and benzo(a)pyrene weekly for 6 months, 
beginning when the pigeons were 3 months old. Compared with the 
work described above, they found a greater effect on atherogenesis 
of benzo (a) pyrene than DBMA, and also failed to observe a dose- 
response relationship between the dose given and the amount of 
aortic plaque. These differences from the work just described may 
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be related to species differences, differences in the carrier used 
to inject the PAHs (DMSO in the previous studies vs. corn oil in 
this one) or differences in the age of the pigeons or dosing 
schedule.. They also found an increase in aortic plaques in pigeons 
treated with the PAH 3-methylcholanthrene, but not the carcinogen 
2,4,6-trichlorophenol or the PAH benzo(e)pyrene, which is not 
considered a carcinogen. This result suggests that carcinogenic 
PAHs, rather than carcinogens or PAHs in general, are implicated 
in the atherosclerotic process. 

Revis et al also studied the distribution of these compounds 
after they had been radiolabelled. Forty-eight hours after the 
injection of PAHs, radioactivity in the liver, aorta and lung 
accounted for 75% of the injected dose, whereas in animals injected 
with 2,4,6-trichlorophenol, radioactivity in the liver and kidney 
accounted for 80% of the dose. In addition, 80% of the 
radioactivity observed in the plasma immediately following 
injection of radiolabelled PAHs was associated with the LDL and HDL 
cholesterol fractions, compared with only 24% of the 2,3,6- 
trichlorophenol, suggesting that plasma lipoproteins are an 
important vehicle for transporting PAHs to their sites of 
activation in the arteries. 

There is also some evidence that ETS directly affects plasma 
lipoproteins. Moskowitz et al (1990) showed that adolescent 
children whose parents smoked had elevated levels of cholesterol 
and depressed levels of HDL, even after correcting for age, weight, 
height and sex. These effects were dose dependent; the greater the 
exposure to ETS, the greater the changes in these variables. High 
cholesterol and low HDL are important for the development of 
plaque. Data on cholesterol and HDL from adults married to 
smokers, however, do not show similar differences (Garland et al, 
1985; Svendsen et al, 1987). 

To further elucidate the possible mechanisms by which PAHs 
induce atherosclerotic changes, Majesky et al (1983) gave White 
Carneau and Show Racer pigeons a single injection of 
benzo(a)pyrene, then looked for metabolites of the benzo(a)pyrene 
in aortic and hepatic tissues 48 hours later. White Carneau 
pigeons develop severe atherosclerosis by the time they are 3 years 
old, whereas Show Racer pigeons are relatively resistant to aortic 
atherosclerosis. Aortic preparations of the White Carneau strain 
exhibited a much greater inducibility of the microsomal 
monooxygenase system than did those of the Show Racer strain, 
particularly in young pigeons. Aortic tissues from White Carneau 
pigeons aged 6-12 months exhibited a 3-12 fold inducibility whereas 
aortic tissues from the same strain at 2-5 years of age exhibited 
only, minor (maximum of 3.3 fold) and, for the most part, 
statistically insignificant increases. No age differences in 
inducibility could .be detected in the Show Racer strain. 
Interestingly, the differences in inducibility manifest in aortic 
tissues were greater in aortic tissues than in hepatic tissues from 
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the same birds. Thus, the PAHs seem to accelerate any preexisting 
tendency to develop atherosclerosis. 

Regardless of the^ ultimate mechanism by which PAHs exhibit 
atherogenic effects, it seems logical to suppose that the reactive 
intermediary metabolites of these chemicals are the proximate 
atherogenic or co-atherogenic agents since the parent compounds are 
relatively inert both chemically and biologically. Thus, 
bioactivation and inactivation (and regulatory control of these 
processes) may be presumed to play extremely important roles in 
their atherogenic properties. Bioactivated chemicals vary in their 
stability/reactivity according to four general categories; (i) 
those which are extremely unstable and persist only at the 
immediate.site (enzyme) of bioactivation, (ii) those which persist 
only within cells in which bioactivation occurs, (iii) those which 
persist primarily only within tissues in which bioactivation 
occurs, and (iv) those capable of being transferred in the 
circulation from one organ to another. For the first three of 
these four categories, biotransformation in the aorta per se 
(target tissue activation) would be of prime interest and 
importance. Thus, it appears that PAHs could be playing either a 
mutagenic or mitogenic role in beginning the atherosclerotic 
process in susceptible cells or individuals, depending on how the 
PAHs in ETS are metabolized in the aorta. 

The finding that enzymes that metabolize DMBA and benzo(a)pyrene 
are in the artery wall led Penn et al (1986) to search for specific 
molecular events in plaque cells that would lead to DNA changes 
similar to those previously found in tumors. Identification of 
such processes would be supportive of the monoclonal hypothesis of 
atherogenesis. They obtained human DNA samples from coronary 
artery plaques as well as DNA from normal sections of the coronary 
arteries at surgery to remove the plaque. These DNA samples were 
tested with the NIH 3T3 cell transection assay. Foci arose in 
cells transfected with each of the DNA samples obtained from the 
hu®£n coronary plaque, with an efficiency (number of foci per ng 
of DNA) ranging from 0.016 to 0.060 (mean 0.036). The transfection 
efficiencies for DNA's from normal coronary artery, liver, spleen, 
lung, kidney and trachea were all below 0.008. The transformed 
cells were also injected into the scalps of nude mice, where they 
developed tumors. These results provide direct evidence for 
similarities on the molecular level in the development of plaques 
and tumors. Human coronary artery plaque DNA contains sequences 
capable of transforming NIH 3T3 cells and these transformed cells 
can cause tumors after injection into nude . mice. Control 
experiments verified that the transforming cells did indeed contain 
human DNA and that the tumorigenic (or transforming) activity was 
not due to the ras oncogene family. Although these results clearly 
demonstrate that human plaque DNA has transforming ability, the 
temporal expression of this activity in vivo is not known. The 
plaques were taken from adult patients in late stages of vascular 
disease. Thus, we cannot determine from these samples whether the 
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manifestation of transformation is a relatively late event in 
plaque development or an early but stable event. Oncogene 
activation and expression is an important early event in 
transformation and tumor genesis. These results identify specific 
molecular events that may underlie the proliferation of smooth 
muscle cells that is a hallmark of atherosclerotic plaque 
development and demonstrates that plaque cells exhibit molecular 
alterations that had previously only been thought to be present in 
cancer-cell transformation and tumorigenesis. These results 
provide direct support for the monoclonal hypothesis. 

Randerath et al (1988) also demonstrated that constituents of 
cigarette ,, tar," including benzo (a) pyrene, are preferentially 
attracted to the heart and damage DNA there. They studied 
molecular mechanisms of smoking-related carcinogenesis by examining 
the induction and distribution of covalent DNA damage in internal 
organs of the mouse following topic application of cigarette smoke 
condensate daily for 1, 3, or 6 days then killed 24 hr later. DNA 
samples were obtained from skin, lung, heart, kidney liver, and 
spleen. Adducts containing benzo(a)pyrene-derived moieties were 
identified, together with others. At all three times, the number 
of adducts in heart and lung DNA was about five times higher than 
that in liver and slightly higher than that in skin. Covalent DNA 
damage was estimated to be 6.2, 5.7, 3.9, and 1.9 times higher, 
respectively, in lung, heart, skin and kidney than in liver, 
ranging from approximately 1 adduct in 5.4xl0 6 DNA nucleotides in 
lung to 1 adduct in 3.3xl0 7 DNA nucleotides in liver. Spleen DNA 
was virtually adduct free. While the DNA adduct profiles resembled 
each other qualitatively among the different tissues, there were 
major quantitative differences between the different tissues, with 
the highest DNA binding occurring in the lung and heart. The 
reasons for the high incidence of DNA adducts in the heart are not 
known, but may be related to the role of plasma lipids in 
transporting PAHs such as benzo(a)pyrene and preferential binding 
of these lipids to cardiac tissue, as discussed earlier. 

In sum, there is a growing body of evidence at a molecular level 
supporting the monoclonal hypothesis of atherogenesis, with 
compounds in tobacco smoke and ETS strongly implicated as agents 
which stimulate the development of coronary lesions. Regardless 
of whether the monoclonal hypothesis proves to be true (or, more 
likely, one of several initiators of the atherosclerotic process), 
the fact is that there is clear evidence that components of ETS, 
in particular PAHs such as benzo(a)pyrene, initiate or accelerate 
the development of plaque. These biochemical findings are 
consistent with the epidemiological finding that chimney sweeps, 
which are exposed to high levels of PAHs in soot, have an increased 
risk of heart disease (as well as cancer) and tend to develop these 
diseases younger than other, comparable, occupations which avoid 
exposure to PAHs (Hansen, 1983). 

Summary 
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There are eleven epidemiological studies, done in a variety of 
locations, which reflect a 30% increase in risk of death from 
ischemic heart disease or myocardial infarction among nonsmokers 
living with smokers. The larger studies also demonstrate a 
statistically significant dose-response effect, with larger 
exposure to ETS being associated with greater risks of death from 
heart disease. 

These epidemiological studies are complemented by a variety of 
physiological and biochemical data from human studies which suggest 
that ETS may adversely affect platelet function and damage arterial 
endothelium in a way that increases the risk of heart disease. 
Moreover, ETS, in realistic exposures, also exerts significant 
effects on exercise capability of both normal people and people 
with heart disease by affecting the body's ability to deliver and 
utilize oxygen. In animal experiments, ETS also depresses cellular 
respiration at the level of mitochondria. The polycyclic aromatic 
hydrocarbons in ETS also accelerate, and may initiate, the 
development of atherosclerotic plague. 

It is also important to note that the cardiovascular effects of 
ETS appear to be different in nonsmokers and smokers. Nonsmokers 
appear to be more sensitive to ETS than smokers, perhaps because 
some of the affected systems are sensitive to low doses, of the 
compounds in ETS, then saturate and also perhaps because of 
physiological adaptions smokers undergo as a result of chronic 
exposure to the toxins in cigarette smoke. In any event, these 
findings indicate that, in terms of cardiovascular disease, it is 
unreliable to'compute "cigarette equivalents" for passive exposure 
to ETS, then try to extrapolate the effects of this exposure on 
nonsmokers from the effects of direct smoking on smokers. 

These results combine to suggest that heart disease is an 
important consequence of exposure to ETS. The combination of 
epidemiological studies with demonstration of physiological changes 
with exposure to ETS, together with biochemical evidence that 
elements of ETS have significant effects on the cardiovascular 
system, lead to the conclusion that ETS causes heart disease. This 
increase in risk translates into about 10 times as many deaths from 
ETS-induced heart disease as lung cancer, and contributes 37,000 
to the estimated 53,000 deaths annually from passive smoking 
(Wells, 1988) . This toll makes passive smoking the third leading 
preventable cause of death in the United States today, behind 
active smoking and alcohol. 
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Table 1 

Epidemiological Studies of Environmental Tobacco Smoke and Coronary Heart Disease Death 
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entry in this column indicates no comment on the presence or absence of dose-response relationship 
^ower to detect relative risk of 1.2 with 95% confidence 
d High risk population; members of MRFIT trial 

f Pooled relative risk computed as R * exp (2 w, In R, / 2w,) where w, * (%/ln R,) 2 
f Thfs report is a later follow-up of the population reported in Gill is et at 3 
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Table 2 


Effect of Passive and Active Smoking on Platelet Aggregation and Endothelial Cell Damage 



Platelet Aggregate Ratio 

Endothelial Cell 
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Before 

After 

Change 
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Change 
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17 
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,32 

.76 
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Motes: All studies are paired and reflect significant differences CP<-005). Platelet aggregate ratio 
is the ratio of platelet count of platelet-rich plasma, prepared immediately after venipuncture with a 
solution containing edetic acid and formaldehyde, to that of platelet-rich plasma prepared in the same 
manner, except for the absence of formaldehyde. A decrease in the platelet aggregate ratio reflects an 
increased formation of platelet aggregates. Endothelial cell count is mean number of anuclear cell 
carcasses in 0.9 mL chambers. Sources Davis et aj 47 '^' 51 ’ 52 _ 
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FIGURE CAPTIONS 


Figure 1: Relative risk in epidemiological studies of the risk of 
death from coronary heart disease or myocardial infarction among 
nonsmokers living with smokers compared with nonsmokers living with 
nonsmokers. Lines indicate 95% confidence intervals. (Note that 
two studies have upper bounds to confidence interval off the scale 
of the graph.) 

Figure 2: Effect of passive smoking on myocardial mitochondrial 
respiration. Q0 2 (S 3 ) = oxygen consumption in mitochondria in the 
presence of the substrate and ADP; QO,(S 4 ) = capacity of respiratory 
chain without ADP added; OPR = oxidation phosphorylation rate; 
ADP:0 = oxidation phosphorylation coefficient; RCI = respiratory 
control index. Source; Gvozdjak et al (1987) Figures 1 and 2. 

Figure 3; Effect of active (left) and passive (right) smoking on 
platelet aggregation in smokers and nonsmokers. The sensitivity 
index, SI PGI? , is defined as the inverse of the concentration of 
prostaglandin I 2 necessary to inhibit ADP-induced platelet 
aggregation by 50%. Lower values of SI PGI2 indicate greater platelet 
aggregation. Source: Burghuber et al (1986) Figures 3 and 4. 

Figure 4: Advanced intimal lesions of atherosclerosis may occur by 
at least two pathways. The pathway demonstrated by the clockwise 
(long) arrows to the right has been observed in experimentally 
induced hypercholesterolemia. Injury to the endothelium (A) may 
induce growth factor secretion (short arrow). Monocytes attach to 
endothelium (B) , which may continue to secrete growth factors 
(short arrow). Subendothelial migration of monocytes (C) may lead 
to fatty-streak formation and release of growth factors such as 
platelet-derived growth factor (PDGF) (short arrow). Fatty streaks 
may become directly converted to fibrous plaques (long arrow from 
C to F) through release of growth factors from macrophages or 
endothelial cells or both. Macrophages may also stimulate or 
injure the overlying endothelium. In some cases, macrophages may 
loose lose their endothelial cover and platelet attachment may 
occur (D), providing three possible sources of growth factors — 
platelets, macrophages, and endothelium (short arrows). Some of 
the smooth-muscle cells in the possible lesion itself (F) may form 
and secrete growth factors such as PDGF (short arrows). An 
alternative pathway for the development of advanced lesions of 
atherosclerosis is shown by the arrows from A to E to F. In this 
case, the endothelium may be injured but remain intact. Increased 
endothelial turnover may result in growth-factor formation by 
endothelial cells (A). This may stimulate migration of smooth- 
muscle as well as growth factor secretion from the '‘injured" 
endothelial cells (E) . These interactions could then lead to 
fibrous-plaque formation and further lesion progression (F). The 
PAHs in ETS probably act by the second pathway. Source; Ross 
(1986) Figure 6. 
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CHAPTER 7 

EXPOSURE ASSESSMENT IN PASSIVE SMOKING 


Janes L. Repace/ MSc 

Indoor Air Division 
Office of Air & Radiation 
U.S. Environmental Protection Agency 
Washington, DC 20460 


Introduction 


This chapter will discuss some of the factors involved in the 
assessment of exposure to indoor air pollution from tobacco smoke. 
Exposures to environmental tobacco smoke (ETS) have been assessed 
by questionnaires, personal air contaminant monitoring of ETS 
constituents, modeling of concentrations, and biological markers. 
(NRC, 1986) Most of the epidemiological studies of passive smoking 
and disease have relied on questionnaires relating to the presence 
or absence of a smoker at home, and have assumed that this is a 
good surrogate for total exposure to ETS. To the extent that 
nonsmokers are heavily exposed outside the home, e.g., the 
workplace, this surrogate exposure variable will not differentiate 
well between a more exposed and less exposed group, and tend to 
cause epidemiologic studies of passive smoking and disease to find 
no effect or to lack statistical significance.(Repace & Lowrey, 
1990) For this reason, several workers, in assessing risk from 
passive smoking, have attempted to correct for exposures outside 
the home by adjusting for the finite urinary cotinine 
concentrations in those who have reported "no exposure" to ETS. 
(NRC, 1986; Wells, 1990) No studies have yet been performed which 
yield a national probability sample of exposures to ETS. Thus, all 
attempts to assess exposure in individual epidemiological studies 
and otherwise have relied on some assumed paradigm of exposure. 
This chapter will discuss the evidence for exposure, and emphasize 
the insights which derive from a modeling approach. 

Exposure to ETS occurs when an individual occupies a 
microenvironment which possesses an ETS concentration. A dose is 
said to occur when the individual breathes the concentration. An 
individual's total exposure to ETS is the time-weighted sum of the 
individual microenvironmental ETS exposures encountered during the 
day's activities. (Repace et al., 1980). The dose of ETS will be 
affected by the individual's respiration rate during the exposures. 
The dose of various ETS constituents to the body will be determined 
by their relative rates of absorption and removal. The amount of 
ETS inhaled is given by the product of the individual's respiration 
rate during exposure, the ETS concentration in the building, and 
the duration of the individual's stay in that microenvironment. In 
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equilibrium, the ETS concentration is directly proportional to the 
product of number of smokers, smoking rate, and emissions per 
cigarette, pipe, or cigar, and is inversely proportional to the 
product of space volume and removal rate. (Repace, IARC, 1987) 

In the epidemiologic studies of passive smoking and lung cancer, 
exposures are typically estimated on the basis of a questionnaire 
which assesses smoking status, and typically ask simple questions 
of the sort: "if you are a nonsmoker, do you live with, or work 
with, or have regular contact with persons who are nonsmokers?" 
(NRC, 1986) Some studies assess past exposure history and spouses' 
smoking rate as well. This kind of question, though useful, is not 
likely to be fully reliable or precise, particularly for non¬ 
domestic exposures. (NRC, 1986; IARC, 1987) On the other hand, it 
has been shown that those nonsmokers who report exposure to ETS at 
home tend to have higher non-domestic exposures as well.(NRC, 1986; 
Wald, 1986) Those individuals who have exposures both at home and 
at work appear to have higher exposures than those who are exposed 
at home only or at work only, as reflected by their urinary 
cotinine excretion. (Riboli, et al., 1990) Riboli et al. (1990) 
report data from a ten-country study of 1369 women, showing that 
when appropriately questioned, nonsmoking women can provide a 
reasonably accurate description of ETS exposure. 

Ideally, the health effects of ETS might be assessed by 
quantifying the time-dependent exposures for each of the several 
thousand compounds in tobacco smoke and defining dose-response 
relationships for these compounds in producing disease, both as 
isolated compounds and in various combinations. However, the 
enormity of this task has led to simpler approaches which attempt 
to use measures of exposure to individual smoke constituents as 
estimates of whole smoke exposure. For this reason, exposures to 
ETS are often assessed using markers of the vapor phase or 
particulate phase. Although biological markers show promise as 
measures of exposure (and dose), they also have limitations. 
Another consideration is duration of exposure. For chronic 
diseases such as cancer, average exposures occuring over a year or 
lifetime are of greater importance than short-term exposures.(SG, 
1986) 

The two most promising atmospheric markers for ETS are 
respirable suspended particles in the size range <3 um (RSP) and 
nicotine.(NRC,1986; SG,1986; IARC,1987) A majority of field 
studies have used RSP as an indicator of exposure to ETS because 
of the substantial emission of RSP in indoor spaces from tobacco 
combustion. ETS is the dominant contributor to the indoor levels 
of RSP. The total RSP, as measured by personal monitors, has been 
found to be substantially elevated for those who report exposure 
to ETS relative to those who report no exposure. Both air 
monitoring and modeling clearly indicate that RSP concentrations 
will be elevated over background levels in indoor spaces when even 
low smoking rates occur.(NRC, 1986) Although lacking specificity 
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for tobacco smoke, the prevalence and number of smokers correlates 
well with RSP levels in homes and other enclosed areas.(SG,1986) 
RSP is the single largest component of ETS by weight, and RSP is 
currently the best and most-utilized general category of air 
contaminants to represent ETS.(NRC,1986) A recent study of week- 
long averages of RSP and nicotine in about 100 homes with smokers 
in New York State showed an RSP-to-nicotine ratio of about 11:1, 
above a background of about 20 ug/m 3 . (Leaderer, 1990) Similar 
results were obtained in a survey of 21 commercial buildings by 
Miesner, et al. (1989), who found a RSP-to-nicotine ratio of about 
10:1 for workday averages, above a background of about 23 ug/m 3 . 

Biological markers in body fluids have also been used for 
validating self-reports of exposures to ETS. For example, Haley 
et al.(1989) and Cummings et al. (1990) found that cotinine levels 
in the urine of those who reported exposure to ETS were more than 
twice as high as those who denied having been exposed. Nicotine and 
its metabolite cotinine, which derive exclusively from tobacco 
products, are the most important markers. Almost all nicotine 
shifts from the particulate phase in mainstream and fresh 
sidestream smoke to the vapor phase in ETS. Nicotine and cotinine 
can be quantified in saliva, blood, and urine. Generally, the mean 
concentrations of nicotine and cotinine in plasma or urine of 
nonsmokers exposed to ETS under natural conditions is about 1 
percent of the mean values in smokers, (NRC,1986) reflecting the 
fact that smokers are present in nearly all environments, including 
most workplaces, restaurants, and even in many vehicles, making it 
almost impossible for nonsmokers to avoid exposure to ETS.(SG,1986) 


A. Sources of ETS ' 

In 1986, an estimated 50 million US smokers aged >17 yrs smoked 
about 584 billion cigarettes annually. (NRC, 1986; Tobacco 
Institute, 1987) They consumed an additional 3.2 billion cigars, 
as well as an estimated 24.4 million pounds of tobacco for pipes 
and hand-rolled cigarettes.(NRC, 1986) The average US cigarette 
smoker smokes 32 cigarettes per day at a rate of 2 cigarettes per 
hour and emits about 2 2 mg of RSP per cigarette. (Repace, IARC, 
1987) Since the average person spends about 90% of the time 
indoors, an estimated 12,000 metric tons of RSP are emitted into 
US indoor microenvironments each year from cigarette smoking alone. 
Assuming cigars produce 3 times as much RSP as cigarettes and that 
pipes produce as much RSP as a cigarette, (Repace and Lowrey, 1982) 
where pipes and hand-rolled cigarettes are assumed to contain 1 g 
of tobacco, then all cigars are estimated to contribute as much RSP 
indoors as 11 billion cigarettes, while all pipes and hand-rolled 
cigarettes are estimated to contribute as much as 15 billion 
regular cigarettes. This increases the estimated total RSP 
generated in US indoor microenvironments from all cigarettes, 
pipes, and cigars to nearly 13,000 metric tons per year. As 
exemplified by data from EPA's TEAM study, ETS predominates over 
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other sources of RSP indoors (see Fig. 1.) 

Although the percentage of the population that smokes has 
declined from nearly 50% in the 1960's to about 30% presently 
(OSH,1988), the percent of smokers who are heavy smokers has 
increased steadily over the past 30 years? thus although the 
percentage of smokers has gone down, the increase in smoking rate 
may tend to offset that trend towards lowering nonsmoker exposure 
to ETS.(NRC,1986). 

B. indoor air transport of ETS 

Nonsmokers are exposed to ETS in indoor spaces. The 
determinants of these enclosed-space exposures include smoking 
occupancy, source air-contaminant emission characteristics, source 
use, ^ building characteristics, space volume, infiltration or 
ventilation rates, efficiency of air mixing, surface sorption, 
chemical transformation, and the efficiency of air cleaning 
equipment. The interaction of these variables in determining the 
resultant concentrations of ETS has been evaluated in both 
controlled laboratory settings and in field studies within the 
theoretical framework of the mass-balance equation. The mass- 
balance equation-may be applied to tobacco smoke either as an 
equilibrium model (time-independent) or as a dynamic model (time- 
dependent) . Dynamic and equilibrium models are useful in laboratory 
studies? equilibrium models are best suited to evaluating and 
predicting ETS concentrations in field studies, particularly when 
average concentrations over a period of a workday or longer are of 
interest. (NRC,1986) 

Laboratory and field studies typically utilize some form of a 
single-compartment equilibrium model to evaluate the input 
parameters of the mass-balance equation, to evaluate field study 
data, and to project RSP concentrations from ETS indoors. These 
studies have reduced the general single-compartment mass-balance 
equation to the following simplified form? 

Ceq = G[m(N y + NgJV]' 1 ( 1 ), 

where is the equilibrium concentration of ETS-generated RSP in 
a space, expressed in units of micrograms per cubic meter (ug/m 3 ) , 
G is the RSP generation rate from tobacco combustion in units of 
micrograms per hour (ug/hr), N v is the ventilation or infiltration 
rate in units of airchanges per hour (ach) , N s is. the loss rate of 
RSP due to surface removal in a space in air changes per hour, V 
is the volume of the space in cubic meters (m 3 ) , and m is the 
mixing rate (Repace, IARC, 1987) expressed as a fraction. The 
above model assumes no air-cleaning devices, either in the space 
or recirculated air? Leaderer (1984) has given a detailed review 
of this model. Under laboratory conditions, these input parameters 
can be controlled and evaluated. In conducting field studies or 
in estimating past RSP levels indoors, the values on the right side 
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of eq.l have to be determined from available data. This equation 
assumes equilbrium conditions, and to the extent that any of the 
generation or removal terms are intermittent (e.g. smoking rate) 
or variable (e.g. ventilation rate), errors are introduced. 
(NRC,1986) 

According to the National Research Council (1986) the most 
extensive use of the mass-balance equation for assessing RSP levels 
due to ETS in occupied spaces has been by Repace and Lowrey (1980) , 
who proposed and applied in field observations a condensed version 
of the mass-balance equation for estimating RSP exposures due to 
ETS in a variety of indoor microenvironments. Their model is: 

C eq = 650 V N v < 2 >' 

where is the equilibrium concentration of RSP due to ETS in 
units of micrograms per cubic meter, D § is the density of active 
smokers (burning cigarettes) observed in a space per 100 m 3 over 
the sampling time, and N v is the ventilation or infiltration rate 
in ach.(NRC,1986) The constant term (650) is calculated from a 
standard set of assumed conditions for smoking rates, RSP emission 
rates, mixing factors, ventilation rates, and sink rates. These 
standard sets of conditions are derived largely from experimental 
data and building standards. In applying equilbrium mass balance 
models such as eq.{2), gathering data on easily measured input 
parameters such as smoking rates or volume can substantially reduce 
the variablity of the estimated RSP levels. (NRC, 1986) Eq. 2 was 
validated under controlled experimental conditions in real world 
settings, and was found to predict the equilibrium values of ETS 
within a high degree of accuracy in exposure chambers using real 
smokers.(Repace & Lowrey,1980, 1982, Repace, IARC, 1987) Further, 
the predictions of the model were found to be consistent with RSP 
levels from ETS measured in the field. However, the NRC stated 
that additional field testing of eq.{2) as well as a better 
understanding of the variability of the input parameters was 
needed.(NRC,1986) In 1987, Rickert et al.(1987) tested a key 
theoretical assumption regarding the ratio between the effective 
and ventilatory air exchange rates in the constant term in eq. 2 
(Repace, IARC, 1987) and found that the model explained 87% of the 
variation between observed and predicted values for RSP 
concentrations from ETS in their experiments. 

More recently, Repace(IARC,1987) has published a derivative of 
eq.2 which incorporate advances in understanding. Eq.{2) assumes 
a steady generation of tobacco smoke, which is generally only valid 
when 3 or more smokers are present in a space. For less than 3 
smokers, it represents an upper bound. It is also limited for 
modeling purposes by being based on the room density of active 
smokers. The derivative equation is based on the room density of 
habitual smokers (number of habitual smokers per unit space 
volume). Thus, the presence of an archetypical "habitual" smoker 
(i.e., one who is assumed to smoke at an average rate of 2 
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cigarettes per hour at 10 minutes per cigarette, with an emission 
factor of about 22 mg of SS RSP per cigarette) is the modeling 
parameter rather than the room density of burning cigarettes.(IARC, 
1987) This derivative equation is given as follows: 

c„ = 217 D„,/N v {3}, 

where C w is the equilibrium concentration in units of micrograms 
per cubic meter, D hs is the number of habitual smokers per 100 cubic 
meters of space volume, and N v is the number of space air changes 
per hour. Eq. 3 assumes that tobacco smoke concentration is in 
equilibrium, which occurs when the rate of generation equals the 
rate of removal, and the concentration is in a steady state. This 
assumption presumes three or more smokers, since the average smoker 
smokes three cigarettes per hour and takes ten minutes to smoke a 
cigarette. This means that with three smokers in a room, a 
cigarette will always be burning. {During growth, eq. (3) becomes 
A = Ceq (l-exp-tN v ) ? during decay,A d (t>T) = A exp _t v , where T is 
the smoking duration. (Repace, 1987) A more detailed description 
of the derivation and validation of eq. 3 and the uses and 
limitations of these models is given by Repace, (IARC, 1987, 
chapter 3).) 

If the number of habitual smokers being modeled is only 2 or 1, 
steady-state conditions no longer apply, and other simple 
approximations have been suggested, (Repace (IARC, 1987) in lieu 
of using exact time-dependent growth and decay models. A one- 
smoker-approximation model proposed by Repace (IARC, 1987) agrees 
very well with the instantaneous predictions of an exact computer 
simulation performed by Rickert (1988), but significantly 
underestimates newly available field data, which represent time- 
averaged concentrations. On the other hand, by contrast, eq.(3) 
for less than 3 smokers represents an upper bound to the ETS 
concentration, and as is illustrated below, produces reasonable 
agreement with, and provides useful insights into, the analysis of 
field data. 

For example: As part of the the Harvard 6-City study of indoor 
and outdoor air quality, Spengler and colleagues (1981) collected 
RSP samples in 55 homes in 6 cities between May 1977 and April 
1978. The number of smokers living in each home was recorded. The 
quantity of tobacco smoked was not reported, nor were the number 
of hours each smoker spent in the home or air exchange rates 
measured. The daily average "background," or mean indoor RSP level 
in the homes of nonsmokers was found to be about 24 ug/m 3 ; using 
regression analysis, the authors estimated that the average impact 
of a single smoker (a composite averaged over both sexes) on 24-hr 
average RSP levels from ETS in a residence was about 2 0 ug/m 3 above 
background. On average, two such habitual smokers would make about 
40 ug/m 3 above background (24-hr average), and so forth. Added to 
a background of 24 ug/m 3 , this yields a daily average RSP 
concentration for one smoker homes of 44 ug/m 3 , and for two-smoker 
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homes of 64 ug/m 3 . What does eq. 3 predict? 

Although the air exchange rates were unknown, Fig. 2 shows a 
histogram of the frequency of occurrence of various air exhange 
rates (called infiltration rates) during the heating season for 
typical middle income housing (R. Grot, personal communication) for 
266 homes in 14 cities around the US in 1978 (SG,1986). Occupants 
were asked to keep windows and doors closed during the tests. Under 
these conditions, the mean air exchange rate found was 1.1 + 0.9 
ach (Grot & Clark, 1979) ; this value is likely to be somewhat lower 
than a full seasonal average with no restrictions on door and 
window openings. 

The smoker density for a one-smoker home of volume 340 m 3 has 
been given by Renace and Lowrey (1985) as D hs = 0.29 habitual 
smokers per 100 m . Similarly, for a two-smoker home, D hs = 0.58. 
In-the absence of information on air exchange rates, let us assume, 
from Grot and Clark (1979), a rate, N v = 1.1 ach. Then eq. 3 
predicts a value of C^ = 217 x 0.29/1.1 = 57 ug/m 3 during smoking, 
for a one smoker home, and 114 ug/m 3 for a two-smoker home. From 
table A1 for time budget studies in Repace and Lowrey (1985) , 
averaged over employed men and women, and homemakers, the average 
amount of time spent awake in the home, (allowing for 8 hrs of 
sleep per day) is about 7.9 hours per day. Converting our 
calculations to a 24-hr average and adding a background of 24 
ug/m 3 , yields an estimated 57 x 7.9/24 + 24 = 43 ug/m 3 for a one- 
smoker home, and 114 x 7.9/24 + 24 = 62 ug/m 3 for the two smoker 
home, in good agreement with the values of 44 ug/m 3 and 64 ug/m 3 from 
the 6-City study above. A comparison of the predictions of eq. 3 
with 17 months of RSP data on 55 homes in 6 Cities (Spengler, et 
al., 1981) is given in fiq. 3. This example illustrates the 
utility of models in estimating nonsmokers 1 domestic exposures to 
ETS. 


As a second example, consider the measured aerosol mass 
concentration in a 700 m 3 (25000 ft 2 floor area) office with one 
smoker (smoking rate not reported), and a measured air exchange 
rate of 1 ach (see Fig. 4); the large impact on the office aerosol 
concentration caused by smoking is apparent by comparing the 
daytime and evening RSP concentrations.(IARC, 1987) The 
predictions of eq. 3 for D hs = 1 smoker per 7 hundred cubic meters 
and N v = 1 ach yields C^ = 31 ug/m 3 ? with an 18 ug/m 3 background 
added, the predicted RSP^level is 49 ug/m 3 , in good agreement with 
observations (fig 4) . It is clear from fig. 4 and also from models, 
that ETS can be very persistent in indoor environments: at an air 
exchange rate of 1 ach, it takes 3 hrs for 95% of the smoke from 
1 cigarette to be removed (Repace, IARC, 1987) 

A third example, where more information is available on the 
smoking rates, home volumes and air exchange rates, is provided by 
the data obtained in the NYSERDA study of weekly average 
residential aerosol concentrations in 141 homes with 
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smokers.(Leaderer, et al., 1990) The measured weekly average RSP 
levels were 43 ug/m3 in the smoking homes, the background levels 
averaged 16 ug/m 3 in the nonsmoking homes, the average air exchange 
rates were 0.54 ach, the average house volumes 353 m3, the average 
number of cigarettes smoked per week was 99.3, and the average 
number of hours of smoking per day is calculated at 7.1 hrs/day 
assuming 2 cig/smoker-hr (Repace and Lowrey, 1980). From this data, 
using eg. 3 as before, we calculate R = 217 x 0.28/0.54 x 7.1/24 
+ 16 = 49 ug/m 3 , in reasonable agreement with the observed average 
of 43 ug/m , but higher, as expected. Thus, although eg. 3 for 
less than 3 smokers represents a simplified upper-bound 
approximation, it has utility in producing estimates which are 
reasonably consistent with field data, and has the advantage that 
it is simple to use. However, since none of these studies were 
specifically designed for model validation, further comparisons 
with field data are important as new data sets become available. 

A sampling of whole-building air-exchange rates in 8 large 
federal office buildings in 7 states with different climates is 
shown in Fig. 5, and these generally approximate the ASHRAE 62-81 
ventilation standards for offices (20 cfm per occupant, equivalent 
to 0.84 ach, for smoking buildings), on average, although there are 
some buildings significantly lower. A recent EPA study of air 
exchange rates in 6 buildings (3 new, 3 old) did not show 
significant differences between the new (.5 ach) and old (.5 ach) 
buildings* airchange rates, although for a given building nighttime 
measurements tended to be lower. (Sheldon, et al.,1987) Recent 
research has revealed several interesting factors in large office 
building air exhange. There are many pathways for floor-to-floor 
air communication, particularly return air shafts, where the 
existence of such pathways can cause a building's air exchange 
characteristics to closely approximate those of a single large open 
space; it does not require unusual numbers or sizes of openings to 
create these conditions,(A.Persily, personal communication; Persily 
and Grot, 1986) a condition for which eq. 3 was designed. This 
implies that ETS may diffuse throughout a large office building, 
exposing nonsmokers even in private offices. Nicotine measurements 
in office buildings support this observation. (Williams, et al., 
1985; Vaughn and Hammond, 1989) 

In summary, limited field tests of the general equilibrium 
model, in which some of the input parameters are measured and 
others are estimated from either chamber studies or building codes, 
have predicted RSP levels reasonably well over a wide range of 
values of input parameters. It is clear that both models and 
observations based on personal monitoring or area monitors in 
various microenvironments yield consistent results; RSP levels when 
smoking is allowed will result in substantial increases over RSP 
levels in nonsmoking occupancy.(NRC,1986) 

C. Tobacco Smoke and Ventilation 
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Because of widespread public smoking, many buildings are 
contaminated with tobacco smoke combustion products. Many building 
owners and managers have assumed that ventilation is a viable 
control mechanism for the clouds of smoke that are generated by 
cigarettes, pipes, and cigars. In particular, the ventilation 
standards proposed by ASHRAE (the American Society of Heating, 
Refrigerating, and Air Conditioning Engineers) are often thought 
to afford adequate control of tobacco smoke. However, ASHRAE 
standards are not health-based standards designed to limit cancer 
risk or. eye irritation to levels acceptable to nonsmokers. They 
are designed only to limit dissatisfaction with tobacco smoke odor 
to a maximum of 20% for "visitors" (a test panel consisting of 50% 
smokers and 50% nonsmokers) to a building where smoking occurs. 
Currently ASHRAE recommends 20 cubic feet per minute per occupant 
(cfm/occ) for this purpose. Providing ventilation adequate to 
control cancer risk has been estimated to require 5400 cfm/occ, an 
unrealistic ventilation rate.(Repace & Lowrey, 1985) 

Air cleaners have three fundamental problems. One, most air 
cleaners do not scrub gases from the air, and many of the harmful 
tars appear in the gases. (Pritchard, 1990) Two, air cleaners 
cannot remove smoke which encounters the nonsmoker before it 
reaches the air cleaner. Three, even air cleaners which are close 
to 100% effective in removing particles which reach them must 
process hundreds of room air volumes per hour to reduce cancer risk 
to an acceptable level.(Repace & Lowrey, 1985; Repace, 1989a) 
Separation of smokers from nonsmokers within a space will expose 
nonsmokers to smoke which diffuses from the smoking area. 
Separation on the same ventilation system will reduce peak 
concentrations to which nonsmokers are exposed, but will expose 
nonsmokers to smoke recirculated by the ventilation system.(Repace, 
1989; Repace and Lowrey, 1987) 

The foregoing considerations demonstrate that source control, 
i.e., removing the smoking from the air volume containing 
nonsmokers, is the only viable control option. Source control 
adequate to protect nonsmokers takes two forms; separation of 
smokers from nonsmokers on separate ventilation systems, or 
restriction of smoking from the building. (USEPA, 1989) Separation 
of smokers in a designated smoking area exposes them to much higher 
levels of exposure to ETS, and may significantly increase an 
already considerable risk from active smoking.(Repace, 1989b) 

D. Measured concentrations of ETS constituents: 

RSP: Both field studies (Table 1) as well as chamber 
studies have demonstrated that tobacco combustion has a major 
impact on the mass of suspended particulate matter in occupied 
spaces in the size range <2.5 urn, defined here as RSP. RSP is a 
major component of ETS. Even under conditions of low smoking 
rates, easily measurable increases in RSP have been recorded above 
background levels. The term RSP, however, encompasses a broad 
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range of particulates of varying chemical composition and size 
emanating from a number of sources (outdoors, cooking indoors, 
kerosene heaters, etc.)(NRC, 1986) The apportionment of RSP 
indoors depends primarily on the presence of these other sources. 
However, in western society, there are few indoor sources 
generating concentations which approach in strength those due to 
ETS« There appears to be little variability between brands of 
cigarettes or tobaccos for RSP emissions, although cigars will 
produce greater emissions than cigarettes. Thus, it may be 
inferred from Table 1 that from a comparison of smoking and 
nonsmoking buildings, the bulk of the RSP found in buildings where 
there is smoking is due to ETS. For example, by comparison of the 
data of First (1984), Leaderer, et al (1986) and Repace and Lowrey 
(1980,1982) for a total of 42 smoking buildings and 21 nonsmoking 
buildings, the weighted average RSP level in the smoking buildinqs 
is 262 ug/m 3 , while in the nonsmoking buildings it is 36 ug/m , 
suggesting that about 85% of the indoor RSP levels in those 
buildings is due to ETS. Most of the buildings involved were 
public access buildings. Hammond et al. (1988) measured personal 
exposures to RSP in several hundred railroad workers. Mean 
calculated ETS-derived RSP exposures for railroad office workers 
averaged over 90 ug/m3; by comparison, all other sources of RSP for 
these diesel-exhaust exposed workers averaged 39 ug/m3. The U.S. 
Department of Transportation (1990) measured concentrations of RSP 
in the smoking section of a random sample of 69 smoking and 23 
nonsmoking flights. Nonsmoking flight attendants must work in the 
smoking sections on aircraft. Levels of RSP on the smoking flights 
averaged 175 ug/m3, whereas measurements in the same section of the 
aircraft on nonsmoking flights averaged 35 to 40 ug/m3. 

Figure 6, (IARC, 1987) a plot of the data of Repace and Lowrey 
(1980, 1982) illustrates the large impact of smoking on RSP levels; 
smoking data points 'A' thru * T' encompassed a wide variety 
building microenvironments,including 10 restaurants, 3 cocktail 
lounges, 3 bingo games, 2 dinner-dance halls, 1 bowling alley, 1 
sports arena, 1 hospital waiting room, and a residence during a 
dinfrer party. Studies of the dispersion of RSP from ETS in US 
homes showed at most a factor of 2 difference among various rooms 
in residences, averaged over 24 hrs. In a setting such as a work 
environment, where the average exposure is several hours, ETS would 
be expected to disseminate throughout the airspace where smoking 
is occuring.(SG, 1986) Although most people spend approximately 
90 percent of their time in just two microenvironments (home and 
work) , important exposures can also be encountered in other 
microenvironents, e.g„, in transit, which accounts for 0.5 to 1.5 
hrs per day for most people..(SG, 1986) Exposures on aircraft can 
also be considerable. (Repace and Lowrey, 1988? USDOT, 1989) 

BENZENE: Wallace (1989) in reporting the results of EPA's TEAM 
study with respect to the benzene exposure of the population, found 
that ETS was a significant source of population benzene exposure, 
accounting for about 5% of total nationwide exposure. Wallace 
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reported that workplace exposures for nonsmokers not exposed to ETS 
at home, but who report being exposed to ETS more than 50% of the 
time at work showed significantly higher benzene concentrations 
than those who report exposure to ETS less than 50% of the time. 
Wallace estimates that ETS-benzene exposures are about equal at 
home and at work. 

NICOTINE: Leaderer and Hammond (in press) measured vapor phase 
nicotine and RSP concentrations in 96 residences. Vapor phase 
nicotine measurements were found to be closely related to number 
of cigarettes smoked and highly predictive of RSP generated by 
tobacco combustion. The mean RSP background in the absence of 
measurable nicotine was found to be 15.2 + 7 ug/m3. The mean RSP 
value in the presence of nicotine was 44.1 + 30 ug/m3. Weekly mean 
nicotine concentrations in the residences was 1.1 ug/m3. 

Stillman et al. (in press) measured weekly average nicotine 
concentrations using the method of Leaderer and Hammond (above), 
in 9 (F. Stillman, pers. comm.) university offices. Concentrations 
averaged 2.1 ug/m3. After a smoking policy was implemented, the 
nicotine levels decreased by 95%. Vaughn and Hammond (1990) 
measured weekly average nicotine concentrations in offices in a 
modern office building using both active and passive samplers. 
Before the smoking control policy, nicotine vapor concentrations 
at nonsmokers' desks were about 2 ug/m3, and were reduced by 95% 
after a smoking policy was implemented, in good agreement with the 
findings of Stillman, above. Hammond et al. (1988) measured 
nicotine and RSP in two employee smoking lounges at the University 
of Massachusetts. RSP levels varied between 220 and 350 ug/m3 
during smoking, with associated nicotine levels from 40 to 70 
ug/m3. After charcoal-filter air cleaners were installed, nicotine 
levels were virtually unchanged, and RSP levels varied between 100 
and 310 ug/m3. 

A study of personal exposures to airborne nicotine in 4 US 
office workers showed about a 0.1 mg mean exposure (mean personal 
nicotine concentration of 15 + 9 ug/m 3 , daily workday average, 
times a 0.8 m 3 /hr inhalation rate times an 8-hr workday). The 
nonsmokers were exposed to the smoke of a co-worker who smoked 9 
cigarettes per workshift, about half the rate of the average US 
smoker. (Hammond et al.,1987) 

E. Exposure of nonsmoking populations to ETS 

In the general population (both sexes) aged > 17 years in 1980 
(160,798,000 persons), a majority has smoked at some time: 32.6% 
were current smokers, and 21.3% were exsmokers, while 46.1% had 
never smoked (see Table 2). Among current 1980 smokers, 53% were 
male, and 47% were female, with some race- and gender-specific 
differences : white males, 35.9%, black males, 42.0%; white 
females, 29.3%, black females, 29.7%. (R. Wilson, NCHS, personal 
communication) In terms of the population at risk, both lifelong 
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nonsmokers and former smokers, 66.7% of the adult population and 
the overwhelming majority of children are potentially at risk from 
involuntary exposure to ETS (in 1970, Bonham and Wilson (1970) 
found in a national probability sample of children, that 62% of US 
homes with children contained 1 or more smokers). Exposure to 
various subpopulations or individuals, however, may vary 
considerably. For example, the prevalence of smoking among 
subgroups of the population who proscribe smoking on religious 
grounds (such as Mormons and Seventh-Day Adventists) is much lower: 
^ or o example, in 1980, only 1.7% of Seventh Day Adventist men and 
0.5% of Seventh Day Adventist women reported current smoking, 
although 35% of the total were exsmokers. The incidence of lung 
cancer — a disease for which the majority of cases occur in 
smokers -— among SDAs is 21% of that in the general population. 
Thus, SDA homes would be, in general, expected to be ETS-free. 

•The microenvironments of importance for exposure to ETS will be 
those where the population spends the bulk of its time. As Table 
3 (Ott, 1981)(based on 1972 data) shows, employed men spend an 
estimated 56% of their time at home, and 28% of their time at work, 
for a total of 84% of the time at home and at work? employed women 
spend 64% of their time at home, and 22% of the time at work, for 
total of 86% of the time at home and at work? while homemakers 
spend 85% of the time at home. When time spent in other peoples' 
homes and in non-work places of business are added in, the 
population averages about 88% of its time in homes and workplaces. 
These sites, therefore, must, on average, predominate as potential 
sites for exposure to ETS for the general nonsmoking population. 
A UK study of exposure to ETS in 20 nonsmoking men whose wives 
smoked showed that 78% of the men's reported hours exposure came 
from outside the home? by contrast, 90% of the ETS exposure of 101 
nonsmoking men whose wives did not smoke was reported to come from 
non-domestic microenvironments. (Table 4). Since the second 
largest source of time spent by men is in the workplace (Table 3), 
this suggests the workplace may be the major source of exposure 
for nonsmoking men. 

Cummings et al (1990) studied the prevalance of exposure to ETS 
in 663 never- and ex-smokers who attended a cancer clinic in 
Buffalo, N.Y. in 1986, by questionairre and urinary cotinine level. 
76% reported exposure to ETS in the 4 days preceding the interview, 
while 91% had detectable urinary cotinine levels. Reported exposure 
locations in order of frequency were workplace (28%), home (27%), 
restaurants (16%), private social gatherings (11%) , in transit 
(10%), and in public buildings (8%), (total of 100%). 77% of 
subjects reported being exposed to tobacco smoke at work, while 22% 
of the subjects lived with a smoker. In a second study, Cummings 
et al. (1989) reported on 380 never smokers from the same study: 
A total of 87% reported exposure to tobacco smoke at work. 24.3% 
of the men reported spousal smoking, whereas 94.7% reported 
workplace exposure; significantly, when asked to rate the severity 
of exposure, on a scale where spousal smoking was normalized to 1, 

123 


Source: https://www.industrydocuments.ucsf.edu/docs/htdl0000 


2040225162 



Draft - Do not cite or quote 


severity of workplace exposure was rated 5. 66% of women reported 
spousal smoking, whereas 83.5% reported being exposed to smoking 
in the workplace. The women studied rated the severity of spousal 
smoking at about 30% higher than workplace exposures. 

Coultas et al. (1990) , in a pilot study of 15 nonsmokers in 
Albuquerque, N.M., exposure questionnaires and saliva, urine, and 
personal air samples were obtained pre- and post- workshift. 
Nicotine and cotinine levels were quantified, as were atmospheric 
nicotine and RSP samples. Statistically significant correlations 
were obtained between RSP and nicotine and total reported hours of 
exposure; between nicotine and total number of smokers, total hours 
of exposure, and postshift urinary cotinine; between urinary 
cotinine and total hours of exposure; and between salivary cotinine 
and total number of smokers. Objective evidence of exposure to ETS 
was obtained in various workplaces. Spengler et al.(1985) and 
Sexton et al. (1984) demonstrated by personal monitoring of RSP and 
the use of time-activity questionnaires that exposures to ETS both 
at home and at work are significant contributors to personal 
exposures. 

A survey of exposure to ETS in a California population 
subscribing to a health-maintainance plan indicated that 63% of 
nonsmokers surveyed reported exposures to tobacco smoke (Friedman, 
1983); this occurred despite the fact that in the 1980's California 
has has been in the forefront of restrictions on smoking in public, 
with 44% of its population currently living in communities that 
have enacted workplace smoking restrictions.(SG, 1986) Garfinkel 
(1981), in a study of 176,000 nonsmoking US women (1960-1972), 
found 72% had smoking husbands. Rabat and Wynder (1986), in a 
recent study of 215 sixty-year-old US women nonsmokers, found that 
65% were exposed at home and 67% reported exposure at work, 
averaged over adulthood. Studies of the concentration of nicotine 
and cotinine in the body fluids of nonsmokers report similar 
results (Table 4); Jarvis & Russell, (1984) showed that in a study 
of about 100 UK nonsmokers, only 12% of the subjects had 
undetectable cotinine levels. Moreover, in the latter study, 
surprisingly, nearly 50% reported no exposure, suggesting that ETS 
permeates indoor atmospheres to such an extent that many nonsmokers 
are unwittingly exposed. This is borne out by a study of 4 6 US 
infants, 40% of whom were reported by their mothers to be unexposed 
to ETS, but only 20% had undetectable urinary cotinine 
levels.(Greenberg, 1986) In a third UK study (Wald, 1986) of 
urinary cotinine in 221 nonsmokers, the 20% who reported no 
exposure had mean urinary cotinine levels which were 21% of the 
remainder of the group who reported exposure. 

The foregoing illustrates that exposure to ETS is very 
widespread in the population, even among those nonsmokers who 
believe themselves to be unexposed, however it tends to be greater 
in those who say they are exposed at home, possibly indicating a 
greater tolerance for ETS among men with nonsmoking spouses. 
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Although there have been numerous measurements of ETS 
concentrations in various indoor settings, these data do not 
represent a comprehensive description of the actual distribution 
of ETS exposures in the US population. However, additional data 
on the distribution of smokers in the nonsmokers' environment as 
well as the distribution of ETS levels in that environment, are 
needed in order to characterize the actual ETS exposure of the 
population. In the absence of such data, population exposures can 
be estimated by models or by extrapolation from biological markers 
from existing studies. (SG, 1986? IARC, 1987) 

In summary, exposures to ETS can be assessed by personal air 
contaminant monitoring, modeling of concentrations based upon air 
sampling, time-activity patterns, and questionnaires, or upon 
biological markers. The two best methods at present are based upon 
the biological markers, nicotine and its metabolite, cotinine, 
which are present in the saliva, plasma, and urine of active and 
passive smokers, and upon atmospheric markers such as nicotine in 
the vapor phase and RSP from the particulate phase of ETS, the 
latter of which has been used in many field studies because of the 
substantial emission of RSP from tobacco combustion. In US, ETS 
irs generated by 50 million smokers, who smoke the equivalent 
(including pipes and cigars) of 610 billion cigarettes annually. 
Although the number of smokers has been declining, the percentage 
of heavy smokers has been increasing. There are models in use, 
based on the mass-balance equation, and validated both under 
laboratory and limited field conditions, which can predict the 
concentrations of RSP from ETS to a reasonable degree of accuracy. 
Application of such models, together with field studies of RSP 
concentrations and sociological studies, has suggested that 
exposure to ETS is very widespread in the population. Environmental 
tobacco smoke is not readily controlled by either ventilation or 
air cleaning. Field studies of RSP in buildings where smoking 
occurs suggest that RSP from ETS contributes 80 to 90 percent of 
the particulate load during the period of smoking, and that it 
persists for long periods after smoking ends at typical building 
air exchange rates, thus prolonging nonsmokers' exposures. 
Available data suggest the workplace as a significant site of 
exposure to ETS. 

F. Integrated exposure analysis 

Exposure to ETS can be quantified either by atmospheric or 
biological markers. Of the latter, expired carbon monoxide, 
carboxyhemoglobin, plasma thiocyanate, plasma, urinary or salivary 
nicotine, and plasma, urinary, or salivary cotinine have been used 
to evaluate exposure to ETS. However, successful attempts to 
quantify the degree of exposure have been limited largely to 
measurements of nicotine and cotinine. Urinary nicotine is a 
sensitive indicator of recent ETS exposure, while cotinine appears 
to be the short-term marker of choice for epidemiologic studies. 
Nicotine and cotinine are the best markers currently available. 
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Levels in body fluids may be elevated 10 or more times in the most 
heavily exposed groups compared with the least exposed groups. Mean 
levels of urinary nicotine and cotinine in body fluids increase 
with an increasing self-reported ETS exposure and with an 
increasing number of cigarettes smoked per day by active smokers. 
(SG, 1986) Coghlin, Hammond, and Gann (1989), in assessing current 
weekly ETS exposure in 53 nonsmoking volunteers by personal 
nicotine monitors, diaries, and questionnaires, found that the best 
predictor of total nicotine exposure was given by the formula hsp: 
the number of hours of exposure (h), times the number of smokers 
(s), times the proximity of those smokers (p), accounting for 83% 
of total exposure. A significant finding was that exposures derived 
from social situations (e.g. restaurants, bingo games, bars, and 
bowling alleys) (which are workplaces for some persons) may 
contribute significantly (34%) to total exposure. 

Nicotine is found in measurable concentrations in the saliva and 
urine of most urban nonsmokers, and is present in higher 
concentrations in those with some recent exposure. Estimating the 
magnitude of the passive smoking dose is difficult, and it is of 
doubtful validity to extrapolate from the uptake of one marker to 
another. Over a period when one cigarette equivalent of carbon 
monoxide is absorbed, the dose of nicotine appears to be only 
between 1/10 and 1/3 of a cigarette equivalent. Similarly, under 
extreme conditions of indoor pollution, it has been calculated that 
a nonsmoker would inhale volatile nitrosamines equivalent to 10 
nonfilter cigarettes or 35 filter cigarettes. (Hoffmann, IARC, 1987) 

The average concentration of cotinine in the blood of habitual 
smokers is about 300 ng/ml, and is calculated to represent the 
consumption of about 36 mg of nicotine per day. On this basis, and 
on the assumption that formation of cotinine from nicotine and 
clearance from the body does not differ substantially from smokers 
to nonsmokers, present data suggest that average urban nonsmokers 
(in the UK) take in 0.2 mg of nicotine per day.(IARC, 1987) [.2 mg 
represents .6% of the smokers' dose] The highest plasma cotinine 
concentration observed in a nonsmoker corresponds to an approximate 
maximum dose of 2.5 mg of nicotine per day, 10 times higher, and 
7% of the average smoker's dose. Recent studies of salivary 
cotinine in schoolchildren in the UK showed, in the case where both 
parents smoked, average concentrations just over 1% of the levels 
seen in heavy cigarette smokers.(IARC, 1987) 

Although the ratio of nicotine to other tobacco smoke 
constituents differs in MS and SS smoke, nicotine uptake may still 
be a valid marker for total ETS exposure. Nicotine uptake in 
nonsmokers has been estimated in terms of cigarette equivalents 
from various studies to vary between 1/6 to 1/3 of a cigarette per 
day. The NRC reports various estimates of cigarette equivalents 
based upon cotinine in nonsmokers ranging from 0.1 to 1 cigarette 
per day, and utilizes a ratio of urinary cotinine in ETS-exposed 
nonsmokers (25.2 ng/ml) to that in active smokers (1826 ng/ml) 
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yielding a 1.4% result.(NRC, 1986) [Assuming a usage of 32 
cigarettes per day by habitual smokers based upon cigarette sales 
(Repace and Lowrey, 1980), this yields 57 ng/ml/cigarette, or 0.44 
cigarette equivalents per day. Adjusting this by multiplying by 
the ratio of cotinine clearance in nonsmokers to that in smokers 
reported in one study, 49.7 hrs/18.5 hrs = 2.67, yields a higher 
value, 1.1 cigarette equivalents per day or 3.6% of the smokers’ 
dose.] In summary, based upon the limited studies (none of which 
are a probability sample of US nonsmokers) of cotinine in body 
fluids of nonsmokers (see Table 5), nonsmokers appear to have of 
the order of 1% of the nicotine uptake of smokers. However, these 
estimates.must be interpreted with caution; relative absorption of 
nicotine in smokers and nonsmokers may substantially underestimate 
exposure to other components of ETS. (SG,1986) 

Alternatively, human exposure to ETS can be estimated using 
approaches similar to those used for other airborne pollutants. 
Measures of exposure to individual atmospheric smoke constituents 
can be used as estimates of whole smoke exposure. The accuracy of 
this approach amy be limited by changes in the composition of ETS 
with time and conditions of exposure. Although lacking specificity 
for tobacco smoke, the prevalence and number of smokers correlates 
well with RSP levels in homes and other enclosed areas. In the 
Harvard study of indoor air pollution in 6 cities, Spengler et al. 
and Sexton et al. demonstrated by the personal monitoring of RSP 
and the use of time-activity questionnaires that exposures to ETS 
at home and at work are significant contributors to personal 
exposures. In general, measurements in a large number of locations 
using measures of smoke generation such as the number of people 
smoking or the number of cigarettes being smoked have shown a 
definite relationship of smoke generation to particulate levels. 
In US homes, there are few other sources of RSP, and therefore, the 
relationships of RSP measurements to ETS are quite accurate.(SG 
1986) 

Repace and Lowrey (1980) measured RSP concentration using a 
piefeobalance in several public and private locations, in both the 
presence and absence of smoking. They then developed an empirical 
model utilizing the mass balance equation (Eq.2). Using both 
measured and estimated parameters as input to the model, they 
validated the model for predicting an individual's exposure to 
ETS. (SG, 1986) Kuller et al (1986) in a review of estimates of the 
nonsmoking population's exposure to ETS, observed that cigarette 
smoking is probably the single most important source of indoor RSP; 
that a higher percentage of nonsmokers appear to be exposed out of 
the home, usually at work (Friedman, 1983) ; and that modeling of 
RSP has estimated that the average exposure of the nonsmoking adult 
population to tars from ETS was 1.43 mg/day, varying from 0 to 14 
mg (Repace and Lowrey, 1985). Kuller et al. (1986) in reviewing the 
latter estimate, observed that the ratio of average exposure in 
passive smoking to that‘in active smoking, was about 0.3%. This 
translates into 3% of the smoker' exposure for the most-exposed 
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passive smokers, reasonably consistent with estimates based on 
doses from nicotine and cotinine, above. 

Table 6 gives estimates of the probability-weighted exposures 
to ETS for US nonsmoking adults at home and at work, the two most- 
frequented microevironments.(Repace and Lowrey, 1985) Table 6 is 
derived from RSP concentration modeling based upon Eq.'s 2-5, and 
from assessments of exposure probability based on a limited 
national survey of top management and health officials concerning 
prevalence of smoking in the workplace in 3000 US corporations, 
large, medium, and small (29% response), and a national probability 
sample of the prevalence of smoking in homes with children (used 
as a surrogate for all homes). Exposure probabilities were a 
weighted average taken over the number of workers in white-collar 
and blue-collar occupations, and including the different exposure 
probabilities for white and blue collar workers. Air exchange rates 
and building occupancies were taken from ASHRAE Standard 
ventilation rate tables for white-collar workplaces (which were 
used as surrogates for blue-collar workplaces). 

. Table 6 estimates average the workplace ETS exposure probability 
at 63%, and the average estimated domestic ETS exposure probability 
at 62%, where the focus was on estimation of ETS exposures in the 
1950's to mid-1970's, since these exposures were held to be of 
primary significance for the studies of passive smoking and lung 
cancer, given the long latency for lung cancer. Comparison of 
these exposure probability estimates to adult life ETS exposure 
histories taken by Rabat and Wynder (1986) for 215 60-yr old female 
nonsmokers, 65% at home and 67% at work, shows good agreement. 
Table 6 estimates a 0.45 mg/day RSP exposure for nonsmokers at 
home, (weighted for male and female time-activity pattern 
differences, and for respiration rate) corresponding to a 19 ug/m 3 
24-hr average, in good agreement with results (19 ug/m 3 per smoker) 
published in the 6-City study.(Repace and Lowrey, 1985) Table 6 
also estimates a 1.82 mg/day RSP exposure for workers, (again 
weighted for male-female time-activity patterns and for respiration 
rate) corresponding to about a 230 ug/m 3 workplace concentration, 
using ASHRAE Standard 62-73 for workplace occupancy and performing 
a weighted average workday for the different hours worked by men 
and women (Repace and Lowrey, 1985). This is in good agreement 
with the weighted average concentrations (262 ug/m 3 ) reported for 
ETS in public access buildings. 

Riboli et al.(1990) in a 10-country collaborative study of 
exposure of nonsmoking women to ETS, examined the relationship 
between smoking by spouse and urinary cotinine levels as an 
indicator of exposure to ETS. Riboli et al.(1990) found that 
cotinine values were significantly higher for women exposed to ETS 
from the husband than from other sources; they also found that 
questionairres in epidemiological studies based upon self-reports 
of spousal smoking in fact identified a most-exposed population. 

A clear increase in urinary cotinine levels was found from the 
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women who were exposed neither at work or at home, to women who 
were exposed both at work and at home, as suggested by the work of 
Repace and Lowrey, above. 

In summary, exposures to ETS can be assessed by personal air or 
area contaminant monitoring, modeling of exposures, or by 
biological markers of ETS contaminants in body fluids. Using 
either the biological markers such as cotinine or the atmospheric 
markers such as RSP produces a consistent assessment of ETS 
exposure, i.e., of the order of 1% of that in smokers. The most- 
exposed individuals appear to have levels about ten times higher. 
Based upon limited data, the typical nonsmoker appears to carry a 
daily body burden of about 0.2 milligrams (mg) of nicotine. The 
cotinine-based estimates have the advantage that they reflect 
actual dose of an ETS constituent. They have the disadvantage that 
they do not reflect a wide distribution of target populations, are 
based mostly on UK ETS exposures, and may substantially 
underestimate exposures to other constituents of ETS. The RSP- 
based estimates have the advantage that they are model-based, can 
be used to estimate exposures in a variety of microenvironments, 
represent the great bulk of ETS carcinogens, and can be compared 
with atmospheric measurements of RSP. They have the disadvantage 
that they do not represent whole smoke exposure, and do not reflect 
absorbed dose. The greatest source of uncertainty is that neither 
cotinine nor RSP measurements are based on a national probability 
sample, and on an absolute scale, represent a limited amount of 
data. Nevertheless, the NRC(1986), the SG(1986), and IARC(1987) 
have found this data base acceptable for exposure assessment 
purposes. Estimates of the adult nonsmoking population's exposure 
to RSP from ETS suggest that the range of exposure is from 0 to 14 
mg per day, with the population average put at 1.5 mg per day, 
where the peak-to-mean ratio is about a factor of 10, consistent 
with the biomarker-based findings. 

Summary 

1. Nonsmokers' exposures may be assessed by mathematical modeling, 
as well as by biomarkers such as nicotine or cotinine in body 
fluids or atmospheric indicators such as nicotine or RSP. 

2. Despite limitations of the data base, mathematical models, 
biological and atmospheric markers have produced, reasonably 
consistent assessments of nonsmokers 1 ETS exposure. 

3. Exposure to environmental tobacco smoke is inadequately 
controlled by ventilation, air cleaning, spacial separation within 
a space, or on the same ventilation system. 

4. Data indicate that ETS is a significant indoor pollutant of 
buildings, typically representing 80 to 90% of particulate indoor 
air pollution during smoking, and that nearly all nonsmokers carry 
a significant burden of tobacco combustion products in their body 
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fluids. 
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FIGURES AND TABLES FOR CHAPTER 6 
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Particulate Levels Measured in Indoor Environments, Including Smoking and Nonsmoking Occupancy 

Concentrations 


Study 

Type of 
Premise 

Occupancy 

Volume, 

m 3 

Ventilation 

Type/Rate 

Monitoring 

Type/Time 

Mean (range), 
Mg/m 3 

Comments 

Brunekreef and 
Boleij, 1982 

4 residences 

NS 

— 

N/— 

G/2 mo 

55 (20-90) 

TSP, repeat measures 

0.2 mg 


7 residences 

S = I 

— 

N/- 

G/2 mo 

125 (60-250) 

TSP sensitivity 


14 residences 

S = 2 

_ 

N/- 

G/2 mo 

152 (60-340) 

TSP sensitivity 


1 residence 
Outdoors 

S = 3 

— 

N/— 

G/2 mo 

G/2 mo 

335 (—) 

-(41-73) 

TSP sensitivity 

Cuddeback 
et al., 1976 

2 taverns 

S = 5-40 

NS = 5-260 
T = 10-300 

“ 

N,M/1-6 ach 

G/9 h 

446 (233-986) 

TSP ventilation 
estimated 

Elliot and 

3 arenas 

NS 

— 

— 

G/24 h 

55 (42-92) 

TSP 

Rowe, 1975 

3 arenas 

S 

T = 2,000- 
14,277 

" 

M/- 

G/0.3 h 

350(148-620) 

TSP 

First, 1984 

1 school 

NS 

— 

M/- 

?/— 

20 (—) 

TSP 


8 public 
buildings 

S 

— 

N,M/— 

P/- 

260 (40-660) 

TSP 

Hawthorne 
et al,* 

11 residences 

NS 

150-674 

M/0.18-0.96 

QCMI/5-15 min 
(over 6 h) 

9-40 (-) 

RSP, winter/summer— 

no sources 

1984 

8 residences 

NS 

150-674 

M/0.26-1.98 

QCMI/5-15 min 
(over 6 h) 

12-46 

RSP, winter/summer— 
sources'* 


2 residences 

S 

150-674 

M/0,27-1.47 

QCMI/5-15 min 
(over 6 h) 

96-106 

RSP, winter/summer— 
sources' + cig. 

Leaderer 
et al.. 

3 public 
buildings 

NS 

163-1,326 

M/0,37-5. 

G/4-21 h 

17.8(9.1-32.2) 

TSP, repeat measures, 
all var. 

personal 

communi¬ 

cation 

7 public 
buildings 

1.7-4.57* 

T = 2-6 

lb8-600 

M/0.77-7.53 rf 

G/2-24 h 

?05.1 (58-452) 

Measured 
(160.0 peak) 


Moschandreas 

Outdoors 

— 

— 

— 

G/24 h 

17.0 {—) 

RSP, TSP also 

et ah. 1981 

2 offices 

_ 

_ 


G/24 h 

16.8-20.2 

measured 

RSP, TSP also 


5 residences 

NS 

_ 

N/0.5-1.3 ach 

G/24 h 

(53 peak) 

19.4-4.01 

measured 

RSP, TSP also 


5 residences 

T = 2-6 

S 

_ 

N/0.5-1.3 ach 

G/24 h 

(118.9 peak) 

36.9-99.9 

measured 

RSP, TSP also 

Nitschke 

Outdoors 

_ 

— 

_ 

G/168 h 

11.3 ± 6.0(1-28) 

measured 

RSP 

et al.. 1985 

19 residences 

NS 

315-1,021 

N/— 

G/168 h 

26.0 ± 22.6 (6-88) 

RSP, repeat measures, 


11 residences 

S 

290-800 

N/- 

G/168 h 

59.2 ± 38.8 00-144) 

source mix' 

RSP, repeat measures, 


source mix*' 
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TASL? 1. contd.(NRC, 1986) 


Continued 


Study 

Type of 
Premise 

Occupancy 

Volume, 

m 3 

Ventilation 
Type/Rate 

Monitoring 

Type/Time 

Concentrations 

Mean (range), 

Mg/m 3 

Comments 

Parker et al., 

1984 

1 residence 

NS 

T = 3 

— 

N/0.2-1.9 ach 

0/24 h 

<10(-) 

TSP 


2 residences 

S = 1-2 

T = 3-4 

— 

N/0.2-0.7 ach 

0/24 h 

10-46 (—) 

TSP 

Repace and 
Lowrey, 

Outdoors 

— 

— 

— 

P/2 min 

42.9(22-63) 

RSP, average of 

2-min samples 

1980* 1982 

27 Public 
buildings 

0.13-3.54-/ 

— 

M/— 

P/2 min 

278 (86-1,140) 

RSP, average of 

2-min samples 

Sexton et ai., 

1984 

Outdoors 

19 homes 

— 

— 

— 

G/24 h 

17.0 ± 1.6 (6-23) 

RSP, repeat samples 


24 residences 

NS‘‘ 

_ 

N/— 

G/24 h 

25.0 ± 1.0 03-63) 

Used fireplaces 

Spengler 

Outdoors 

— 

— 

— 

G/24 h 

21.1 ± 11.9(—) 

RSP, repeat measures 

et al. t 1981 

35 residences 

NS 

— 

N/- 

G/24 h 

24.1 ± 11.6 (—) 

RSP, repeat measures 


15 residences 

S = 1 

— 

N/— 

G/24 h 

36.5 ± 14.5 (-) 

• RSP, repeat measures 


5 residences 

S = 2 

— 

N/- 

G/24 h 

70.4 ± 42.9 (—) 

RSP, repeat measures 

Spengler 

Outdoors 

— 

— 

N/— 

G/24 h 

18 ± 2.1 (—) 

RSP, repeat measures 

et ai., 1985 

73 residences 

;nst 

— 

— 

G/24 h 

28 ± 1.1 (-) 

RSP, repeal measures 


28 residences 

"s 

_ 

— 

G/24 h 

74 ± 6.6 (—) 

RSP, repeat measures 

Sterling and 

1 office 

S restr. 

— 

— 

G(?)/ — 

25.5 (15-36) 

TSP 

Sterling, 1983 

22 offices 

S 

- 

— 

G( ?)/— 

31.7 ( —) 

TSP 

U.S. Department 
of Transpor¬ 

8 domestic 
planes 

S 

T = 27-110 

- 

M'— 

G/l-1/4, 
2-1/2 h 

Not given (—) 

TSP 

tation, 1971 

20 military 
planes 

S 

T = 165-219 

— 

M/— 

G/6-7 h 

< 10-120 ( —> 

TSP 

Weber and 

Fischer, 1980 - 

-- 

44 offices 

S 

““ 

N.M/— 

P/2 min 
(30 ea) 

133 ± 130 
(962 peak) 

RSP, minus 
background level 


"Active smSicers per 100 m 3 . ABBREVIATIONS: 


"Grams of tobacco consumed. 
r Some smoking was reported during 9 of the 280 samples. 
^Measured during 24-h periods by the perfiuorocarbon tracer tech¬ 
nique. 

'Some^esidences had combinations of sources (kerosene heaters, 
wood stoves, etc.) and no cigarettes. 

* Active smokers density per J00 m\ 


ach 

= Air changes per hour 

G 

= Gravimetric 

M 

= Mechanical ventilation 

N 

= Natural ventilation 

NS 

= No smokers 

O 

= Optical monitor 

P 

= Piezoelectric balance 

QCMI 

= Quality Crystal Microbalance Cosade Impactor 

RSP 

= Respirable suspended particles 

S 

— Smokers 

T 

= Total occupants 

TSP 

— Total suspended particles 

restr. 

= building with smoking restrictions 



Source: https://www.industrydocuments.ucsf.edu/docs/htdlOOOO 
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Table 2. Number of persons 17 years and over, by cigarettzfe Smoking status, race, 
United States. 1980. (National Center for Health Comm.) _ 


Race. Sex, and Acre 

Total 

Population 

All 

Smoker 

Present Smokers 

Former Smokers i 

Regular 

and/or 

Occasional 

Regular 

smoker 

onlv 

Regular 

and/or 

occasional 

Regular 

smoker 

onlv 

All races 



Num 

bers in 

Thousands 


Both Sexes 17 yrs. 

160798 

86611 

52442 

51770 

33130 

30731 

17-24 years 

32176 

13286 

10069 

9827 

3009 

2632 

25-44 years 

61042 

35258 

22916' 

22656 

11985 

11167 

45-64 years 

43556 

27170 

15336 

15236 

11474 

10541 

65 years & over 

24024 

10896 

4121 

4050 

6664 

6341 

Male > 17 years 

75970 

49048 

27751 

27445 

20672 

19297 

17-24 years 

15699 

6640 

5018 

4866 

1504 

1303 

25-44 years 

23549 

19696 

-"12591 

12503 

6886 

6393 

45-64 years 

20830 

16238 

8402 

, 8357 

7612 

7113 

65 year & over 

9891 

6473 

1760 

1718 

4670 

4488 

Female> 17 years 

84828 

37563 

24690 

24325 

12452 

11434 

17-24 years 

16477 

6646 

5051 

4961 

1504 

1379 

25-44 years 

22725 

15562 

10345 

10152 

5099 

4774 

45-64 years 

31472 

10933 

6933 

6880 

3862 

3423 

65 years & over 

14133 

4423 

2361 

2333 

1993 

1853 

White> 17vrs. 

139036 

76041 

45090 

44515 

30197 

27976 

17-24 years 

27095 

11525 

8582 

8400 

2758 

2463 

25-64 years 

51889 

30336 

19723 

19211 

10728 

9955 

45-64 years 

38470 

24160 

13383 

13284 

10480 

9622 

65 years & over 

21635 

10019 

3676 

3619 

6231 

5935 

Male 

65941 

43124 

23654 

23435 

19025 

17732 

Female 

73095 

32917 

21416 

21079 

11171 

10244 

Black> 17yrs. 

16767 

8314 

5903 

5831 

2209 

2045 

17-24 years 

4094 

1451 

1264 

1226 

158 

142 

25-44 years 

6584 

3656 

2657 

2624 

874 

829 

45-64 years 

4071 

2471 

1636 

1636 

785 

711 

65 years & over 

2018 

736 

346 

346 

391 

369 

Male 

7465 

4512 

3136 

3078 

1258 

1192 

Female 

9302 

3802 

2767 

2753 

950 

853 


sex, and age: 


All 


Never 

smoked 

occasional 

smoked 

74086 

3486 

18890 

652 

28754 

1269 

16330 

1144 

13112 

421 

26906 

1994 

9039 

405 

9837 

692 

4593 

645 

3413 

253 

47180 

1492 

9832 

248 

15917 

577 

11737 

499 

9694 

168 

62910 

3045 

15569 

566 

21471 

1063 0 

14269 

1036 h 

11600 

380 h, 

22802 

1735 ** 

40108 

1310 • 

8439 

350 O 

2643 

* 56 0 

2928 

3.59 g 

1586 

*108 ft 

1282 

* 26 0 

2953 

3.84 H- 

5486 

166 Jd 


136 


LL 1-5220*02 


Source: https://www.industrydocuments.ucsf.edu/docs/htdlOOOO 
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TABLE 3. (Repace and Lovrey, 1985) 


Time spent in various microenvironments by persons 
in 44 I'.S. cities, expressed in average hours per day. 

(Ott. in press; NRC, 1981; Saaiai. 1972). 


Microenvironment 

Employed 

Men, 

Ail Days 

Employed 

Women, 

All Days 

Married 
Housewives, 
Ail Days 

Inside one’s home 

13.4 

15.4 

20.5 

Just outside one’s home 

0.2 

0.0 

0.1 

At one’s workplace/- 

6.7 

S.2 

— 

In transit 

1.6 

1.3 

1.0 

In other people's homes 

0.5 

0.7 

0.8 

In places of business 

0.7 

0.9 

1.2 

In restaurants and bars 

0.4 

0,2 

0.1 

In all other locations 

0.5 

0.3 

QJ 

Total 

24.0 

24.0 

24.0 


ft 

4 * 


y* 

IV 

& 

Source: https://wwW.industrydocuments.ucsf.edu/docs/htdlOOOO 
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TABLE 4. COTININE IK NONSMOKERS FROM DOMESTIC AND NONDOMESTIC 
EXPOSURES.(NRC, 1986) 91% of the ETS exposure of the nonsmoking 
husbands of smoking wives came from non-domestic sources compared 
to 71% of the exposure of the nonsmoking husbands of smoking 
wivesThe most probable non-domestic source of exposure is the 
workplace. 


Urinary Cotinine Concentration and Number of Reported 
Hours of Exposure to Other People’s Tobacco Smoke Within the Past 7 
Days in Nonsmoking Married Men According to Smoking Habits of 
Their Wives 

Exposure to Other People’s Smoke in 
Urinary Cotinine Preceding Week, h 

Concentration, —- 

Smoking No. ng/ml Total Outside Home 

Category of - - - 


of Wife 

Men 

Mean (SE) 

Median 

Mean (SE) 

Median 

Mean (SE) 

Median 

Nonsmoker 

101 

s.siur 

5.0 

11.0(1.2)* 

6.5 

j0.0a.2r 

6.0 

Smoker 

20 

25.2(14.8) 

9.0 

23.2(4.1) 

21.1 

10.4<3.3) 

10.7 


NOTE: Differences (nonsmoking wife versus smoking wife): a p < 0.05; b p < 0.001; 
'p < 0.06 (Wilcoxin rank sum test). 

SOURCE: Wald and Ritchie (1984). 


Source: https://www.industrydocuments.ucsf.edu/docs/htdl0000 
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Source: https://www.industrydocunnents.ucsf.edu/d(ics/htdlOOOO 
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table 6. Estimated average nonsmokers• exposures to RSP from 
ETS at home and at work. (Repace and Lovrey, 1985) The 
concentrations are calculated for model home and workplace 
microenvironments and are weighted by average respiration rates 
and time budget-studies for percent of time spent at home and at 
work by male and female nonsmokers. The typical nonsmoker is 
estimated to be exposed to from 0 to 14 mg of RSP from ETS per 
day, with an average exposure of 1.5 mg/day. 


r 


Lifestyle: Exposure (mg) 

Daily Average Probability of Being Exposed Modeled Daily 

(Rounded Values) Daily Average Probability-Weighted 


At work and at home: r <s 

63 x 62 = 39 

2.27 

0.89 


Neither at work nor at home: 

37 x 38 = 14 

0.00 

0.00 


At home but not at work; 

62 x 37 = 23 

0.45 

0.10 


At work but not at home: 

63 x 38 = 24 

1.82 

0.44 


Total: 

100 


1.43 



The average nonexclusive probability of a nonsmoker being exposed 
to ETS at work is estimated as 63%; the probability of not being 
exposed at work is 37%; the nonexclusive probability of being 
exposed to ETS at home is estimated as 62%; the probability of 
not being exposed at home is 38%. 


Source: https://www.industrydocuments.ucsf.edu/docs/htdlOOOO 
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FIGURE 1 EPA’s TEAM Study demonstrates that smoking provides the 
dominant source of RSP in many buildings (Sheldon, et al, 1986} 



Re : ra;; e oar:;cula:es :r 3rd floor lounge of :he elcerl" 
hone-. '3 1- S3' . 


Source: https://www.industrydocuments.ucsf.edu/docs/htdlOOOO 
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FIGURE 2 Air exchange rates in hones are one determinant of 
nonsmokers' exposures to ETS. Low air exchange rates nean higher 
exposures. Shown is a histogram of infiltration values in a 
sample of 266 older US middle class homes around the country. 
Average heating season values are shown. The median of the 
distribution is 0.9 ach and the mean is 1.1 + 0.9 ach. (Grot and 
Clark, 1979)(NRC, 1986) 


ALL 14 CITIES 



AIR EXCHANGE RATE (HR 1 ) 

Figure 3. Histogram of measured natural air infiltration 
rates for 14 weatheriaation sites 


Source: https://www.industrydocuments.ucsf.edu/docs/htdlOOOO 
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„ Theory (eq. 3) 

-- Outdoor Jf v m j 



FIGURE 3. — Comparison of predictions of RSP model for smoking 
in single-family homes with field data (Spengler et al„, 1981) for 
monthly mean RSP concentrations for 55 homes in 6 Cities. 


Source: https://www.industrydocuments.ucsf.edu/docs/htdlOOOO 



MASS 


FIGURE 4 The effect of sacking on $§£ < Ievlli r 

Minneapolis office building. The contrast between daytime RSP 
levels, when smoking occured, and night-time RSP levels, when it 
did not, is marked. 


Aerosol mass concentration in a 700-m 3 office with one smoker (Nelson et ai . 1982', ie 
smoking instrument and smoking rate were not specified. However, the air exchange rate for 
the space may be calculated by means of equation 2. For the decay of ETS on Thursday, July 
8, a non-linear regression analysis of the RSP levels, with an 18 ng/m 3 background level 
subtraction, yields C*=1.0 ach (r 2 = 0.95). This value is close to the ASHRAE-recommended 
ventilation rate for office space. 



Source: https://www.industrydocuments.ucsf.edu/docs/htdlOOOO 
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FIGURE 5 Air exchange rates in commercial buildings are one 
determinant of nonsmokers' exposures to ETS in the workplace. 
Shown are air exchange rates (infiltration plus ventilation) in 
eight, large federal office buildings in 8 US cities in 7 states. 
Air exchange rates in the tighter buildings failed to meet ASHRAE 
standards for occupied office space, (20 cfm/occ or 0.84 ach). 
The mean annual air exchange rate for all eight office buildings 
is 0.71 + 0.25 air changes per hour, about one third less than in 
the sample of homes in fig. 2 . (Grot and Persily, 1986). 

--x- 



BUILDING DIMENSIONS (100 » 2 = 1000 ft 2 ) 


Oceupiable Floor 
Location Area, m : 


Anchorage 

45 500 

Ann Arbor 

4 900 

Columbia 

24 700 

Fayerteville 

3 400 

Huron 

6 420 

Norfolk 

r 300 

Pittsfield 

1 730 

Springfield 

13 500 


Volume, Air exchange rate 
m J (ach) 


174 000 - 

0.82 

± -35 

31 700 

1.04 

± .69 

159 000 

0.85 

+ .23 

21 300 

0.37 

+ .09 

27 500 

0.32 

+ .16 

60 300 

0.79 

± *19 

8 520 

0.70 

+ .19 

57 700 

0.79 

+ .18 


Source: https://www.industrydocuments.ucsf.edu/docs/htdl0000 
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Figure 6. Indoor air pollution from ETS aerosol. Indoor levels 
of respirable particles in buildings where tobacco is smoked (data 
points (A-T)) greatly exceed those in which smoking is prohibited 
(unlabeled), and exceed the levels for health-based U.S. ambient 
air quality standards. 
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CHAPTER 8 

DISCOMFORT ASSOCIATED WITH ENVIRONMENTAL TOBACCO SMOKE 

William S. Cain PhD 

John B. Pierce Laboratory and Yale University 
New Haven, CT 06519 


Introduction 


The atmosphere inside buildings contains many 
chemicals generated by the presence and activities of people. 
People's bodies give off small quantities of organic materials in 
the breath and from the skin and alimentary tract. Although a 
chemical analysis may reveal hundreds or even thousands of 
materials, we usually perceive them in the aggregate as what we 
call occupancy odor. We often notice it consciously when we enter 
a hot, muggy room. Nevertheless, occupancy odor exists in occupied 
spaces at essentially all other times, but remains at a low level 
because of ventilation with outside air (Yaglou, Riley,and Coggins, 
1936). When engineers and public health specialists began to study- 
ventilation requirements for buildings quantitatively, they started 
with the smell of occupancy (Cain, 1979). The fresh-air 
requirements so derived exceeded those based on 
metabolically-relevant gases (oxygen, carbon dioxide) several-fold. 

In general, occupancy odor poses a mild challenge 
to the .HVAC engineer. (HVAC refers to heating, ventilating, and 
air-conditioning.) This odor constitutes the baseline case. 
Anything else that people do in the space will increase ventilation 
requirements. This would include cooking, painting, operating 
machines (e.g., photocopier), woodworking, smoking, and so on. Of 
these various activities, smoking has traditionally been the most 
common. In a questionnaire study of odor problems in such spaces, 
Leonardos and Kendall (1971) stated, "Tobacco smoke is by far the 
most important odor contributor in enclosed space as indicated by 
the consistent agreement of the panel [principally experts in 
HVAC], and by their rankings. Also, it is considered a problem in 
virtually all (11 of 14) of the enclosed spaces" (p. 101) . Tobacco 
smoke has accordingly received considerable attention historically 
in studies of odor control via ventilation or filtration (e.g., 
Yaglou, 1955; Kerka and Humphreys, 1956; Weber, Jermini, and 
Grandjean, 1976). 

As he has with occupancy odor, the HVAC engineer 
has confronted environmental tobacco smoke (ETS) via its sensory 
characteristics, i.e., its odor and irritation, rather than via 
its chemical or physical complexity. The chemical complexity of 
ETS likely exceeds that of emissions from bodies and chemical 
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analysis of ETS-containing air has offered little of practical 
significance regarding specific chemicals responsible for its odor 
or irritation. Specification of the relevant chemicals might, 
however, assist in the mitigation of offending characteristics 
(National Research Council, 1986). 

In what follows, we shall review how human beings 
perceive ETS. We shall ask: How much ventilation air must be 
introduced into a space in order to satisfy visitors to that space? 
Will the amount of air required by smokers differ from that 
required by nonsmokers? Does ETS-odor decay spontaneously after 
smoking ceases? Do occupants accustomed to the environment impose 
less stringent criteria for ventilation than visitors fresh from 
a nonsmoking space? Does the odor and irritation of ETS come from 
the smoke particles or from the vapors that accompany the 
particles? Does filtration offer opportunities for control? 

Ventilation Requirements Based on Responses of the 'Visitor 1 

A customary setting to explore how indoor 
contaminants affect the senses is a climate-controlled 
■environmental chamber with relatively inert surfaces, e.g., 
aluminum or stainless steel, and variable ventilation. Such a 
model environment offers control over the physical and chemical 
characteristics at the expense of what we may call ecological 
realism, i.e., an everyday setting. For the study of occupancy 
odor, human beings occupy the chamber in order to generate the odor 
of interest. Judges may enter the chamber briefly or may place 
their faces into a box fed with the atmosphere of the chamber. (In 
so sampling the atmosphere, the judges essentially visit the 
space.) The odor judgment may comprise a mark on an annotated 
rating scale (e.g., 'no odor' to 'overpowering odor') or the choice 
of a matching odor intensity. The latter judgment generally 
entails the use of a device called an olfactometer that delivers 
the vapor of some standard odorant, such as n-butyl alcohol 
(1-butanol), at various concentrations. A matching odor has the 
advantage of reproducibility from lab to lab. 

Many modern investigations also obtain judgments of 
acceptability in order to 'calibrate' intensity judgments. 
Acceptability judgments address the question: How many people will 
object to any given level of odor (or irritation)? The answer will 
depend on individual differences in olfactory sensitivity and on 
esthetic criteria. Whereas we can expect average intensity 
judgments to remain constant through the decades for any fixed 
stimulus, we can expect acceptability judgments to shift somewhat 
with prevailing standards. Three or more decades ago, when 
approximately half the adult population smoked and when 
restrictions on smoking were relatively few, people seemed more 
tolerant of tobacco smoke odor than today (see Cain,1979). 

Figure 1 depicts how occupancy odor varied with 
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ventilation rate per occupant under nonsmoking occupancy in a study 
conducted in a 1200-ft 3 climate chamber (Cain, Leaderer, Isseroff, 
Berglund, Huey, Lipsitt, and Perlman, 1983). Visitors made 
judgments of air circulated through an outside sampling-box and 
were therefore naive to the conditions of occupancy. The scale 
refers to the concentration of 1-butanol matched to the occupancy 
odor present after one hour of occupancy. Just as odor level 
decreased with increases in ventilation rate, so also did 
dissatisfaction, i.e., judgments that the odor was unacceptable. 
The point of 20% dissatisfaction holds special interest. 

The ventilation standard of the American Society of 
Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE) 
(1989) recommends a maximum of 20% dissatisfaction among visitors 
to a space. By this criterion, the data from the investigation 
imply the need for 17 cfm per occupant. The ASHRAE standard 
suggests 15 cfm or more per occupant for most spaces, e.g., 15 cfm 
for classrooms, libraries, auditoriums, dormitories; 20 cfm for 
offices, conference rooms, dining rooms, lobbies; 25 cfm for 
discos, beauty shops; 30 cfm for bars, casinos; 60 cfm for smoking 
lounges (see Fig. 2). Hence, practice coincides with the 
experimental data about as well as could be expected regarding the 
baseline case. 


When cigarettes were smoked in the climate chamber, 
odor level increased markedly. Figure 3 displays ETS odor for 
various conditions of smoking: intermittent (4 cig per hr) or 
continuous (8 or 16 cig per hr). As Fig. 4 shows, the degree of 
dissatisfaction mirrored the higher odor level. Based on the rule 
of 20% maximum dissatisfaction, the ventilation rate required per 
cigarette during active smoking exceeded 4,000 ft 3 . In order to 
convert ventilation per cigarette into ventilation rate per person 
for typical conditions of occupancy in a 'smoking-permitted' space, 
it was assumed that 10% of occupants would be smoking at any given 
time (see Repace and Lowrey, 1980). The resulting ventilation rate 
equalled 53 cfm, three times that for nonsmoking occupancy. (The 
average smoking rate will of course vary and the estimate of 10% 
may be high for 1990. The assumption of a lower rate of smoking 
would entail a proportional change in rate of ventilation.) 

Does the higher ventilation rate for smoking imply 
that the judges in the investigation showed a special aversion to 
the odor of cigarettes? Apparently not. The judges, one-third of 
whom were smokers and two-thirds of whom were not, seemed to base 
their dissatisfaction strictly on odor intensity. Degree of 
dissatisfaction varied with odor intensity in the same way for both 
occupancy odor and tobacco smoke odor (Fig. 5). Stronger odors 
meant greater dissatisfaction irrespective of odor type. 

How well does the higher rate implied by the 
investigation compare with the ASHRAE standard? As indicated 
above, the standard recommended 60 cfm per occupant in a smoking 
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lounge, where presumably most or all occupants wPifl ”§e ImojtiR§. < 3 uote 
If 100% rather than 10% were smoking simultaneously, then the rate 
would need exceed an unachievable 500 cfm per occupant. If 50% 
were smoking, perhaps a more realistic expectation, then the rate 
would need to exceed a still unachievable 250 cfm per occupant. 

(The maximum achievable rate for typical design occupancy in a 
mechanically-ventilated space will usually equal about 60 cfm per 
occupant, though as discussed below a generous allotment of space 
per person can increase that value.) Fortunately, however, the 
smoker seems less concerned about the odor of ETS than the 
nonsmoker. As it turns out, smokers as a group seem satisfied with 
about one quarter the ventilation air of a mixed group containing 
a typical proportion of smokers and nonsmokers. Hence, a rate of 
60 cfm per occupant may actually almost meet the customary ASHRAE 
criterion of a maximum of 20% dissatisfaction. 


How about nonsmokers? Just as a group of smokers 
will hold a less stringent criterion than the mixed group, a group 
of nonsmokers will hold a more stringent criterion. The data from 
the investigation suggest that with 10% smoking at any given time, 
nonsmokers would need over 100 cfm per occupant to hold 
dissatisfaction at only 20% , At the present time, we do not know 
whether the difference between smokers and nonsmokers derives from 
-■“Olfactory sensitivity to ETS or to esthetic criteria. 

Clausen (1986) confirmed differences in tolerance 
of ETS odor between smokers and nonsmokers. For any given level 
of odor (expressed as concentration of butanol), a group of 
nonsmokers expressed much more dissatisfaction than smokers (Fig. 
6) . Both groups exhibited a lawful relation between odor intensity 
and dissatisfaction, but the difference between the groups grew as 
odor level increased. At the point where 20% of smokers expressed 
dissatisfaction, almost half of nonsmokers did so. 


As ETS enters the atmosphere, its many chemical 
constituents react with each other and with surrounding materials 
both chemically and physically. Does this behavior change the 
nature of the contaminant over time? Yes and no. Irrespective of 
whatever chemical changes occur, the odor of ETS behaves in the 
short run like a stable contaminant. After the source has been 
removed, ETS odor decays in a manner entirely predictable from 
ventilation rate (Clausen, Fanger, Cain, and Leaderer, 1985) . In 
this respect, it differs from occupancy odor which has a half-life 
of 55 min, presumably dictated by slow oxidation of its chemical 
constituents into less odorous products (Clausen, Fanger, Cain, and 
Leaderer, 1986) . ETS odor offers no such easy benefit to the 
engineer. Indeed, when ventilation fails to eliminate the 
contaminant entirely, ETS carries a penalty derived from its 
physical interaction with surfaces. Because the ETS aerosol 
adsorbs strongly to walls, fabrics, and so on, it becomes a source 
of odor later. The background odor of the emitted products carries 
its own demands for ventilation, predictable in part from the 
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typical amount of smoking in a space (Clausen, Miller, Fanger, 
Leaderer, and Dietz, 1986). 

In a laboratory situation where other sources of 
combustion can be eliminated, carbon monoxide can offer a gross 
index of level of ETS. Figure 6 shows that Clausen could relate 
dissatisfaction to concentration of carbon monoxide in ETS as well 
as to matched level of butanol. This occurred because of a strong 
correlation (r>0.90) between odor intensity and incremental carbon 
monoxide due to smoking. Such a relationship makes it possible, 
within limits imposed by brand-to-brand variability in emitted 
carbon monoxide, to compare one study to another. We can ask, at 
what concentration of carbon monoxide will ETS reach a given level 
of dissatisfaction in one or another group? As Fig. 6 revealed, 
the concentration at which 20% of nonsmokers expressed 
dissatisfaction fell about eight times below that at which 20% of 
smokers expressed dissatisfaction. 

Responses of Occupants 

Up to this point, we have concerned ourselves only 
with the reactions of visitors. Standards for ventilation "have 
focused on the reactions of the visitor, rather than those of the 
occupant, because the visitor will have a more sensitive, and hence 
more critical, nose than the person adapted to the contaminant. 
On the other hand, a focus on the visitor sidesteps another 
important time-dependent sensory response of the occupant, 
irritation. Whereas air containing an irritant may seem only 
barely irritating at first, it may become intolerably so over time. 


Figure 7 illustrates the time-course of eye 
irritation experienced by occupants exposed to ETS at constant 
concentrations of 2 or 5 ppm carbon monoxide, used here as a tracer 
in the manner mentioned above (Cain, Tosun, See, and Leaderer, 
1987). The lower concentration led to slight, though statistically 
significant, irritation above pre-smoking baseline. The higher 
concentration led to irritation that increased over time in sensory 
magnitude and caused an increasing degree of dissatisfaction. 
Whereas essentially none of the occupants found the irritation 
objectionable at first, by the end of an hour about 30% found it 
so. In an extension, Clausen, Nielsen, Sahin, and Fanger (1987) 
found that an asymptotic level of 20% dissatisfaction would occur 
at a concentration of 3.8 ppm carbon monoxide. A comparison with 
the odor judgments of visitors in Fig. 6 reveals that only smokers 
would find such a level tolerable by the '20% rule.' Clausen et 
al. estimated that the ventilation rate necessary to control 
irritation of occupants to a dissatisfaction of 20% would equal 
only one—tenth of that needed to control odor perceived by visitors 
to the same level of dissatisfaction. 

Although Clausen et al. did not argue in favor of 
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lowering ventilation to meet only the dissatisfaction of occupants, 
there could exist some temptation to do so (see Winneke, Plischke, 
Roscovanu, and Schlipkoeter, 1984). Cain et al. (1987) cautioned 
against the temptation to see irritation and odor in the same 
light: 


Apart from the issue of whether visitors or 
occupants are more sensitive, there exists a question regarding 
whether the '20% rule 1 should govern dissatisfaction based on 
irritation just as it governs dissatisfaction based on odor alone. 
Whereas odor may be interpretable narrowly on grounds of comfort, 
irritation would seem interpretable on grounds of health. 
Some people may find themselves quite neutral with respect to 
one or another odor, but no one could plausibly argue neutrality 
with respect to burning eyes. It could be argued, therefore, 
that any consistent irritation above baseline should be deemed 
unacceptable, [p.352] 

Applicability of Chamber Studies 

The data presented above may raise two issues of 
concern: 1) Should chamber studies influence ventilation policy in 
view of their remoteness from real-world circumstances? and 2) 
Would small errors in the results lead to large differences in 
recommended policies? The first issue has no simple answer. In 
the real world, people engage in such a wide variety of activities 
that any single field study, even assuming accurate execution, 
would itself have very limited generality. Only a set of field 
studies with a ,variety of scenarios could even approach the 
generality desired. Such field studies have not been done. 

A group of subjects sitting in a chamber with no 
task other than to focus attention on odors might seem likely to 
behave very conservatively, i.e., to judge even weak odors 
unacceptable, which would in turn imply the need for high 
ventilation rates. We can neither confirm nor deny this tendency, 
though circumstantial evidence runs against it. As already noted, 
visitors in Cain et al.'s (1983) study found ETS odor no more 
objectionable than occupancy odor at the same perceived intensity. 
Could this just mean that subjects treat each odor equally 
conservatively? Unlikely, since the recommended ventilation rates 
for occupancy odor from that study converge with a great deal of 
other lab and field evidence regarding the need for about 15 to 20 
cfm of ventilation per occupant. 

Even if the chamber experiment happened to encourage 
conservatism, persons who choose to participate in it and hence 
to expose themselves to potentially aversive environmental odors 
may represent a less reactive fraction of the population. Persons 
who find ETS odor aversive, for example, would seem unlikely to 
accept such work. Concern about these matters might, however, 
stimulate some productive research into the demographic factors 
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that govern reactivity to indoor odors. 

Chamber experiments on ETS can be criticized because 
they have explored levels that largely exceed those of everyday 
life. The tendency to explore high levels derives in part from a 
desire to cover a wide range of conations and in part from crude 
estimates of levels of smoking in the countries and during the eras 
when the experiments were performed. Even just ten years ago, 
smoking in the U.S.A. occurred more commonly and at higher levels 
than today. In countries such as Denmark, the location of some 
recent studies, smoking occurs with a higher frequency and with 
fewer restrictions than in the U.S.A. 

Some recent field surveys have found surprisingly 
low levels of ETS in common spaces, e.g., offices (Kirk, Hunter, 
Back, Lester, and Perry, 1988; Oldaker, 1989). In order to 
understand how to relate the chamber studies with such field data, 
we need to factor in the ventilation rates in the field (see 
Nystrom and Green, 1986, for a discussion of variables relevant to 
the evaluation of ETS). Although a building code may specify a 
ventilation rate of, say, 20 cfm per occupant, the actual 
per-occupant rate will depend on the number of occupants actually 
in the space. If a space typically contains only one-third the 
design number of occupants, the ventilation rate will equal 60 cfm 
per person. This situation occurs frequently since the design 
occupancy listed in a standard commonly comes from fire regulations 
regarding maximum density of occupancy. Accordingly, one cannot 
argue, as has been done, that a putative low frequency of 
complaints in field settings offers evidence against the 
recommendations of chamber studies and in favor of lower 
per-occupant rates. Field data, if collected in spaces occupied 
well below design levels and if reported without actual 
per-occupant ventilation rates, can give the illusion that rates 
of ventilation suitable for occupancy odor can lead to adequate 
control of ETS odor. When normalized to a per-ciqarette 
ventilation rate and hence when seen without assumptions regarding 
occupancy, chamber studies have probably yielded quite valid data, 
irrespective of the levels of smoking explored. 

Regarding the second concern mentioned at the 
beginning of this section, small errors in the estimate of 
dissatisfaction could in fact lead to large errors in recommended 
rate of ventilation since the relation between percent 
dissatisfaction and ventilation rate for ETS has a rather low slope 
(Fig. 4). Merely on general grounds, it would seem advisable to 
replicate this relation with new participants in order to check its 
stability and validity. 

Alternatives to Ventilation 

It might seem intuitively reasonable that the odor 
of ETS should come from its vapor phase and the irritation from 
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its particulate phase. At one time this seemed likely, but recent 
investigations that have employed electrostatic air cleaning have 
shown clearly that the gas phase accounts for the majority of odor 
and irritation (cf. Hugod, 1984; Weber, 1984). Comparison of the 
right and left sides of Fig. 7 will reveal that elimination of the 
particulate phase had only a trivial effect on the eye irritation 
caused ETS at 2 and 5 ppm carbon monoxide (Cain, Tosun, See, and 
Leaderer, 1987). The same held true for judgments of odor and of 
nose and throat irritation. Clausen, Nielsen, Sahin, and Fanger 
(1987) confirmed these results. In finding that particles played 
essentially no role in odor, both investigations also confirmed 
Clausen etal.’s (1985) earlier experiments with visitors. Hence, 
particle filtration holds no promise for immediate elimination of 
the discomfort of ETS. The major advantage of such air cleaning 
will derive from reduction of haze and collection of 'tar' that 
would otherwise adsorb elsewhere in the space. 

Although both the odor and irritation of ETS come 
from the vapor phase, the chemical constituents that give rise to 
the one probably do not give rise to the other. Undoubtedly, the 
odor comes from a very large number of constituents. The sense of 
smell will respond to almost all airborne organic materials present 
.-in sufficient concentration (Cain, 1988) . For one substance, 
however, a 'sufficient concentration' may fall a millionfold below 
that of another. Furthermore, individual constituents will combine 
perceptually in mixtures in complicated, nonlinear ways. Although 
one or a few materials could in principle dominate the odor, it 
seems unlikely. 


Many fewer materials can cause irritation at the 
concentrations present in ETS and its irritation could 
realistically arise from a few or perhaps even one constituent. 
Little is known about how irritants combine with each other 
perceptually though it is known that odor and irritation interact 
(Cain and Murphy, 1980). Irritation can suppress the perception 
of odor and vice versa (Cain, See, and Tosun, 1986). In so far as 
irritation may have a less complex origin than odor, it may offer 
easier opportunities for control through filtration. As yet, 
however, experiments on the origin of ETS have told more about what' 
fails to cause irritation than about what causes it (Weber, 
Jermini, and Grandjean, 1976; Weber-Tschopp, Fischer, and 
Grandjean, 1977; Weber-Tschopp, Fischer, Gierer, and Grandjean, 
1977; Hugod, Hawkins, and Astrup, 1978). 

The complexity of ETS more or less guarantees that 
almost any means of air cleaning will eliminate part of it, even 
though no simple procedure will eliminate all of it. Through the 
use of air washing that presumably eliminated some water-soluble 
constituents, Clausen, Miller, and Fanger (1987) achieved some 
reduction in level of dissatisfaction though not in the perceived 
intensity of ETS. The air-washed ETS smelled fresher. The results 
offered little encouragement for the use air-washing alone, but 
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showed that the odor character of ETS can play some role in degree 
of acceptance. 


Undoubtedly, a combination of particulate air 
cleaning and vapor-phase cleaning via adsorption on activated 
carbon or via chemisorption on oxidant-impregnated alumina can 
control both the irritation and odor of ETS to some degree. 
Unfortunately, there exist no standards to assess the efficacy of 
vapor-phase filtration media. The installation of such media 
occurs more commonly in special environments, e.g., libraries and 
computer facilities, under expert guidance than in spaces designed 
for general occupancy. In the overwhelming majority of cases, 
attempts to control ETS rely on ventilation (dilution). As we have 
seen, however, ventilation has its limitations. 

SUMMARY 

1. At an average smoking rate of 10% smoking at any one time, 
nonsmokers would need in excess of 100 cfm/occupant to hold 
dissatisfaction to the ASHRAE criterion of 20%. odor acceptibility. 

2. Exposure to ETS generates odor and irritation in both nonsmokers 
and smokers. Nonsmokers as a group are less tolerant of ETS than 
smokers. 

3. The irritation and odor from ETS appear to reside in the vapor 
phase. The control of ETS irritation and odor by ventilation or 
air cleaning can provide only limited results. 
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Figure Captions 


Figure 1. Showing the relation between level of 
occupancy odor (indicated by concentration of 1-butanol matched to 
the odor) and ventilation rate per occupant when 4 to 12 persons 
occupied a climate chamber for an hour (filled squares). Judgments 
of odor were made by visitors who sampled the air of the chamber 
at a remote sampling box. Also shown (unfilled squares) is the 
frequency of dissatisfaction expressed by the visitors in response 
to the question, Is the air acceptable or unacceptable ? Dashed 
line shows ventilation rate that led to 20% dissatisfaction. Data 
from Cain et al. (1983). 

Figure 2. Frequency distribution of ventilation 
rates recommended for various types of spaces (e.g., offices, 
auditoriums, ticket booths, waiting rooms) by the ASHRAE standard 
on ventilation and indoor air quality. 

Figure 3. Showing the intensity of ETS odor 
perceived by visitors to the sampling box during and after 
intermittent (4 cig/hr) or continuous (8 and 16 cig/hr) smoking in 
the climate chamber. Results are expressed relative to level of 
butanol matched to odor during presmoking occupancy. The open 
squares in the left panel show a function for nonsmoking occupancy' 
for comparison. Ventilation rate per occupant under smoking 
conditions refers to smokers, who were the only occupants in the 
chamber. From Cain et al. (1983). 

Figure 4. Percent dissatisfaction among visitors 
vs ventilation during the last 15 min of smoking in the experiment 
shown in Fig. 3. Ventilation rate per cigarette based on 7.5-min 
smoking time per cigarette. Ventilation rate per occupant adjusted 
to conditions of smoking occupancy that assumed 10% of occupants 
will be smoking at any give time. Modified from Cain et al. 
(1983) . 


Figure 5. Percent dissatisfaction vs odor intensity 
(graphic rating) for occupancy odor and for ETS odor. Data from 
Cain et al. (1983) . 

Figure 6. Left: Percent dissatisfaction vs odor 
intensity (matched level of butanol) judged by smokers and 
nonsmokers. Right: Percent dissatisfaction vs increment in 
concentration of airborne carbon monoxide. Modified from Clausen 
(1986) . 


Figure 7. Perceived magnitude of eye irritation 
and degree of dissatisfaction expressed by occupants exposed to 
ETS for an hour. Concentrations of carbon monoxide were held 
constant throughout the exposures and indicate severity of 
exposure. Filtration refers to elimination of particles via 
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electrostatic precipitation. Filtration had little effect on 
irritation. From Cain et al. (1987). 
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CHAPTER 9 


PASSIVE SMOKING—BELIEFS, ATTITUDES, AND EXPOSURES 

IN THE UNITED STATES 

Thomas E. Novotny , M.D. 

Office on Smoking and Health 

Center for Chronic Disease Prevention and Health Promotion 

Centers for Disease control 


Introduction 


The relationship among public attitudes, policies, and exposure to 
certain health hazards is complex. With the release of the 18th 
Surgeon General's report on smoking and health, The Health 
Consequences of Involuntary Smoking TPHS 1986) , public attention 
on the issue of environmental tobacco smoke (ETS) was more strongly 
focused than ever before. For many years, however, pollsters, the 
tobacco industry/"and the health promotion community have have been 
surveying the public concerning attitudes toward ETS and toward 
restrictions on smoking in public places. The Surgeon General's 
Report described data from several of those surveys as well as 
results from evaluations of worksite and local policy changes. 
Additional detailed data on public beliefs and attitudes toward 
smoking in general are found in the 1989 Surgeon General's Report: 
Reducing the Health Consequences of Smoking — 25 years of Progress 
(PHS 1989). Recently, surveys have also included questions on 
beliefs, about the harmfulness of ETS to the nonsmoker and on 
respondents' reported exposure to ETS. In addition to such 
measures of individual exposure to ETS, surveys of worksites and 
of personnel managers have provided information about restrictions 
onj^moking in the workplace. Because changes in public attitudes 
toward ETS usually precede laws or policies regarding ETS exposure 
(PHS 1986), examining trends in these data over time is useful. 
This chapter will summarize the most important findings from 
several different nationally based data sources. Some of this 
information was included in the 1989 Report of the Surgeon General 
(PHS 1989) . 

Data Sources and Methodology 

Several surveys of public beliefs, attitudes, and reported 
exposures to ETS are available (Table 1). Although these surveys 
may report discrepant results, most discrepancies can be explained 
by the differences in methodology, especially in the ways questions 
are worded. To describe the effect of increasing numbers and 
strength of laws and policies against smoking in public places, 
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national surveys of worksites were also carried out in the 1980s 
(PHS 1986) . These surveys indicate the degree to which workers may 
be protected from ETS exposure. The 1987 National Health Interview 
Survey of Cancer Epidemiology and Control also collected 
information about respondents' actions in response to ETS exposure. 


Tobacco Industry Surveys 

1. Roper Surveys: The Roper Organization conducted six biennial 
national opinion surveys for The Tobacco Institute between 1966 and 
1978. The 1974, 1976, and 1978 surveys focused on the passive 
smoking/nonsmoker's rights issue (Roper 1978), whereas all six 
surveys dealt with public attitudes toward the smoking and health 
issue in general, toward the tobacco industry itself, and toward 
government regulation of tobacco. The surveys were cross- 
sectional, population-based telephone interviews. The sample 
included_ over 2,000 adults, aged 17 years or older? other 
information about the exact methodology and response rates is 
unavailable. The 1974-1978 Roper surveys permit comparisons of 
data collected for the tobacco industry with similar data collected 
in the 1970s by the Office on Smoking and Health (OSH, formerly 
known as the National Clearinghouse for Smoking and Health). 

2. Hamilton, Frederick, and Schneiders: In December 1988, the 
Tobacco Institute sponsored a telephone-based national adult survey 
of 1,500 adults (401 smokers and 1,099 nonsmokers) which was 
conducted by Hamilton, Frederick, and Schneiders (Hamilton, 
Frederick and Schneiders, 1989). This survey asked about various 
public policy issues and was designed to measure levels of support 
for governmental 'policy on smoking. The respondents were asked 
what they thought about restrictions on smoking in restaurants and 
worksites. Neither the response rates nor the results by smoking 
status of the respondents were reported. 

Other Public Opinion Surveys 

1. Gallup Surveys: The Gallup Organization has published Gallup 
Poll results monthly since 1965. Surveys are either personal 
interviews or by telephone and have a population-based sample of 
at least 1000 adults, aged 18 years or older. The sampling error 
for overall responses is reported to be no more than +3% (Gal.lup 
Report 1987). In addition, Gallup surveys may be commissioned by 
a variety of organizations. The surveys reported here were 
commissioned by the American Lung Association (1983, 1985, 1987, 
and 1989) and the American Cancer Society (1988) to describe both 
the prevalence of smoking and public opinions regarding smoking 
issues. An additional Gallup Survey was commissioned by the 
National Restaurant Association (1987) to obtain public opinion on 
smoking in restaurants. The 1989 Gallup Survey sponsored by the 
American Lung Association did not ask respondents about their 
smoking status. 
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2. Harris Poll: Louis Harris and Associates have performed eight 
national surveys covering smoking between 1974 and 1987 using 
probability samples of adults aged 18 years and older. These 
surveys were conducted on behalf of various organizations, 
including Prevention magazine and Pacific Mutual Life Insurance 
Co., to ascertain health practices of Americans. In 1987, 1,250 
persons were also asked about regulating smoking in public places. 


Government Sponsored Surveys 

1. Adult Use of Tobacco Surveys (AUTS): The Office on Smoking and 
Health commissioned surveys of adult smoking behavior, attitudes, 
and beliefs in 1964, 1966, 1970, 1975, and 1986. These surveys 
oversampled persons who had ever smoked, but final results were 
weighted to represent the United States resident population aged 
21 years and older (1964, 1966, 1970, 1975). The 1986 AUTS 
oversampled ever smokers but collected data from persons aged 17 
and older. The final data in this survey (overall response rate, 
74.3%) were weighted to reflect the educational, regional, racial, 
and age distribution of the U.S. population on the basis of the 
1986 Current Population Survey of the U.S. Bureau of the Census. 
The 1986 AUTS collected detailed information on attitudes, beliefs, 
and exposure regarding ETS. 


2. National Health Interview Survey: The National Health 
Interview Survey of Cancer Epidemiology and Control (NHIS-CEC) 
collected data in-person from 22,000 adults aged 18 years and older 
in households throughout the United States. The data were weighted 
to reflect the adult U.S. population, and the overall response rate 
for NHIS-CEC was 82%. Respondents were asked about the harmfulness 
of ETS and about attitudes toward passive smoking. Questions 
included items on perceived annoyance and whether smoking should 
occur inside public places. Nonsmokers were asked how they would 
act in response to smokers' lighting up in their presence. 

Other Surveys 

1. Bureau of National Affairs: The Bureau of National Affairs 
(BNA) and the American Society for Personnel Administration (ASPA) 
conducted a mail-in questionnaire survey of ASPA members, and 623 
respondents reported on activities related to- smoking in the 
workplace. The response rate was 54%. A similar survey was 
carried out by the BNA in 1986 on 662 businesses. 

2. Office of Disease Prevention and Health Promotion: In 1988, 
the Office of Disease Prevention and Health Promotion (ODPHP) of 
the United States Public Health Service reported on worksite health 
promotion activities, including smoking control. The survey, 
carried out in 1985 on a sample drawn from the Dun and Bradstreet 
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list of businesses, used telephone interviewing. To develop a 
probability sample based on geographic region, size of firm, and 
industry type, 320 worksites with 50-90 employees and 1,038 
worksites with 100 or more employees were surveyed. Questions 
about smoking restrictions were included. 

3. American Board of Family Practice: In December 1984, the 
American Board of Family Practice (ABFP) sponsored a national 
telephone survey conducted by Research and Forecasts, Inc., of 
1,007 adults aged 18 years and older and of 303 family physicians. 
Questions were asked regarding beliefs about the harmfulness of 
ETS, the rights of smokers and nonsmokers, and whether smoking 
restrictions are effective in stopping or discouraging smoking. 

The final sample response rates were 41% for the general public and 
37% for physicians. Data for the general public portion of this 
survey were weighted to reflect the estimated 1985 U.S. population. 

The physicians surveyed represented a random sample of U.S. family 
physicians. The results were published in a report entitled, 

Rights and Responsibilities: Healthcare Potions (ABFP 1985). 


• Results of Surveys 

1. Perceived Harmfulness of Environmental Tobacco Smoke 

The Roper Surveys asked questions regarding harm and annoyance 
caused by ETS. All AUT surveys asked about annoyance caused by 
ETS, but only the^l986 AUTS asked if respondents believed that ETS 
is harmful to the nonsmoker. The 1983 and 1988 Gallup Surveys 
asked if respondents believed that smoking is hazardous to the 
health of nonsmokers. The 1978 Roper Survey, the 1986 AUTS, and 
the 1988 Gallup survey provide interesting information on the 
change over the last several years in public beliefs about the 
harmfulness of ETS to nonsmokers. The 1985 ABFP Survey asked both 
adults and physicians if they believed nonsmokers are harmed by 
breathing in the smoke of others in the same room. 

Questions regarding harm caused by ETS showed that between 1974 
and 1986, the percentage of smokers who believed that ETS is 
harmful to the health of the nonsmoker more than doubled (Table 
2) . In 1974, most nonsmokers believed that ETS is harmful to 
health in general, and the percentage of those who held this belief 
increased substantially over time. In answering an additional 
question on the 1986 AUTS, 69% of nonsmokers felt that ETS is 
harmful to their own personal health. The results of the 1989 
Gallup poll suggest that there is even stronger belief by 
respondents (smokers and nonsmokers) in the harm of ETS to pregnant 
women and children. These data show that there has been a major 
change in the perception of ETS as a health hazard over the last 
decade. 
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2. Annoyance Ca used by Environmental Tobacco Smoke 

The AUT surveys show an increasing trend in the percentage of 
respondents who are annoyed by ETS (Table 3a) . Data regarding 
annoyance to ETS from Roper Surveys other than the 1978 survey are 
not available. However, the results of both the 1978 Roper Survey 
and the AUTS suggest that increasing numbers of Americans are 
annoyed by ETS exposure. 

The results of the 1987 NHIS-CEC also indicate increased annoyance 
from ETS. In this survey, a smaller percentage of current smokers 
reported annoyance than on the 1986 AUTS, but this difference may 
be due to different methodologies. The NHIS-CEC also collected 
information about what nonsmokers did in response to exposure to 
ETS (Table 3b) . About half of respondents moved away from the 
exposure source, 40% did nothing, 3% did something else, and only 
4% asked the person not to smoke. Despite their high positive 
responses to perceived harm caused by ETS and annoyance from ETS, 
most nonsmokers remain rather passive in their behavior toward 
smokers (Davis et al., 1990). 

3. Limiting or Banning Smoking in Public Places 

The majority of respondents to the 1978 Roper Survey felt that 
smokers should at least be segregated in all the public places 
cited (Table 4). After being asked about segregation of smokers 
and nonsmokers, respondents were then asked if smoking should be 
banned outright in selected public places. The majority of 
respondents favored smoking bans in retail stores, physicians' or 
dentists' waiting rooms, and elevators (Table 5a). The narrative 
description of the survey results pointed out that after 
recognizing the option to segregate smokers, respondents were 
probably less likely to be in favor of a total ban (Roper 1978). 

The two most important reasons given by Roper Survey respondents 
before 1978 as to why smoking should be restricted had to do with 
dangers to others, specifically, cigarette smoking as a fire hazard 
and ETS as a health hazard to nonsmokers. In 1978, the chief 
reason respondents gave in favor of public laws against smoking was 
that the "health of nonsmokers is harmed by other people smoking 
in their presence." 

In 1983, 1985, 1987, and 1989, the Gallup Organization conducted 
telephone surveys for the American Lung Association (ALA) that 
asked if smokers should refrain from smoking in the presence of 
nonsmokers. Overall, the percentage of respondents to these 
surveys who agree that smokers should not smoke in the presence of 
nonsmokers has increased from 69% in 1983 to 82% in 1989 (Table 
6a). This trend holds true for both smokers and nonsmokers. 
Unfortunately, the 1989 survey did not differentiate between 
smokers and nonsmokers. 
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The ALA Gallup Surveys also included questions on where smoking 
should be restricted or banned. With regard to smoking in hotels, 
motels, and restaurants, the majority of respondents in 1983, 1987, 
and 1989 felt that certain areas should be set aside for smoking 
(Table 7) . Complete bans were less favored, especially by persons 
who currently smoked. 

In addition, respondents to the ALA Gallup Surveys were asked in 
1983, 1985, and 1987 if companies should have a policy on smoking 
at work. By 1985, almost 90% of all respondents, including 80% of 
smokers and 89% of nonsmokers, felt that smoking should be assigned 
to certain areas of the worksite or that it should be totally 
banned at work (Table 7). 

In 1987, the monthly Gallup Polls (not commissioned by the ALA) 
asked if respondents favored or opposed a complete ban on smoking 
in all public places. The results of these polls are much more 
strongly in favor of total bans on smoking in public places. These 
results contrast sharply with the Roper results of almost a decade 
ago and are even more in favor of increased restrictions on smoking 
in public places than the ALA-sponsored surveys in the same year. 

In the Gallup Survey conducted for the National Restaurant 
Association in 1987, 61% of adults reported that they preferred 
no-smoking sections in restaurants. These included 20% of smokers, 

65% of former smokers, and 83% of never smokers (Gallup 1987). 

These results are similar to those of the AUTS on preferences 
concerning no-smoking sections described later in this chapter. 

The 1987 NHIS-CEC. asked a slightly different question than either 
the Gallup Surveys or the AUTS. This question restricted the 
respondent to consider indoor public places. The percentage of 
all respondents, especially former smokers, agreeing that smoking 
should not be allowed inside public places, was higher on this 
survey than on the 1987 Gallup survey (Table 6b) . The Gallup 
question applied to a general statement about refraining from 
smoking in the presence of nonsmokers. 

Interestingly, the Tobacco Institute-sponsored survey by Hamilton, 
Frederick, and Schneiders in 1988 showed even stronger preferences 
for restaurant and worksite restrictions than the ALA surveys 
mentioned previously (Table 5b).. For each of these sites, the 
question referred to the "current policy" as a response choice; for 
restaurants, the "current policy" meant that customers must select 
smoking vs. nonsmoking sections; for worksites, employers and 
employees should decide on worksite restrictive policies. In this 
survey, 2% of respondents favored no restrictions on smoking in 
restaurants compared with 8% in the ALA survey, and 3% favored no 
restrictions on smoking in worksites compared with 10% in the ALA 
survey. 

Between 1964 and 1975, the percentage of respondents to the AUT 
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surveys who favored restrictions on smoking in public places 
increased from 52% to 70% (strongly agree and mildly agree) (Table 
8). However, the question asked in 1986 was quite different from 
the questions asked in the earlier surveys (Table 8). Between 1964 
and 1975, AUTS respondents who favored more restrictions increased 
by 18 percentage points. About half of respondents in 1986 felt 
that restrictions against smoking were adequate, perhaps because 
many more restrictions were in place by 1986. 

In 1966 and 1975, respondents were also asked if employers have a 
right to regulate smoking in their places of business. In 1966, 

92% felt that the "employer has a right to tell a person when or 
where he can smoke while on the job," whereas in 1975, 78% felt 
that "management should have the right to prohibit smoking in their 
places of business." These are very different questions: the first 
concerns management's right to regulate employees, and the second 
concerns management's right to regulate customers, visitors, and 
employees. 

In 1987, respondents to the Harris Poll that was performed for 
Prevention magazine were asked if laws should prohibit smoking in 
public places or require separate smoking and nonsmoking sections, 
or should smoking in public places not be regulated by law. Among 
£11 respondents', "23% felt that laws should prohibit smoking in 
public places, 61% felt that laws should require separate smoking 
and nonsmoking sections, and only 13% felt that laws should not 
regulate smoking in public places at all (3% were unsure). Again, 
more than 80% of respondents, smokers and nonsmokers, favored 
restrictions against smoking in public places. 


4. Public Opinion on Restrictions After Enactment of Laws 

Few evaluations of the acceptability of laws banning smoking in 
public places have been performed. New York City enacted a ban on 
smoking in most public places, including restaurants, in April 
19&8. Three months after the ban took effect, a telephone poll of 
676 randomly sampled New Yorkers ( New York Times/ WCBS -tv poll) 
revealed that 73% of respondents approved of the law, including 
84% of nonsmokers and 43% of smokers ( New York Times . July 5, 
1988) . 

The 1986 AUTS asked respondents if they.would select nonsmoking 
sections in airplanes, restaurants, and other public places if 
given a choice. Overall, 61% choose nonsmoking seating, including 
82% of never smokers, 69% of former smokers, and even 14% of 
current smokers (CDC 1988). 

Finally, a clean-indoor-air ordinance that took effect in March 
1987 in Cambridge, Massachusetts was evaluated by researchers at 
Harvard^ University after three months of implementation. This 
evaluation study revealed that 78% of Cambridge residents favored 
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the restriction, including 41% of smokers and 90% of nonsmokers 
(Rigotti 1988) . 

5. Exposure to ETS 

Many studies have demonstrated the biochemically measurable 
exposure of nonsmokers to ETS (PHS 1986). However, only the 1986 
AUTS has asked a nationally representative sample of residents 
about exposure to ETS. A subsample of 8,600 working respondents 
from the AUTS was analyzed with respect to reported exposure at 
the worksite and reported policies restricting smoking at their 
worksites (Table 9). Fifty-three percent of respondents who worked 
in environments with restrictive smoking policies still reported 
exposure to ETS. Of these, 11% reported that their worksite is 
"very smoky." Even among the 2.5% of respondents reporting a total 
ban on smoking in the workplace, 21% reported still being at least 
somewhat exposed to ETS at work. These data help confirm the notion 
that worksite restrictions decrease but do not eliminate reported 
exposure to ETS at the worksite. 

6. The Increasing Number of Policies/Laws Restricting Smoking at 
the Worksite 

In 1987, 54% of respondents to the BNA/ASPA survey reported that 
their worksites had restrictive smoking policies, up from 36% in 
1986 (BNA 1987) . The 1986 figure was nearly the same as the 
percentage of individual workers reporting the presence of such 
policies in the 1986 AUTS. 

Among respondents to the 1985 ODPHP Worksite Survey, 35.6% of 
worksites reported offering smoking control activities, including 
classes, information, special events, or contests. Of those 
companies, 76.5% also had formal smoking policies (restriction or 
prohibition). In addition to frequently cited benefits—such as 
improved employee morale, improved employee health—respondents 
reported cleaner air and work environments, fewer smokers in the 
workforce, and fewer complaints from nonsmokers (PHS 1988). 

7. Perceived Future Effect of Restrictive Smoking Policies 

The National Survey of Healthcare Opinions sponsored by the ABFP 
and carried out by Research and Forecasts, Inc., in 1985 asked 
adults and family physicians if restrictions on smoking in medical 
facilities or on the job would be effective, in stopping or 
discouraging smoking. Among the nonphysicians, 57% felt that 
restrictions in medical facilities would be effective, and 40% felt 
that restrictions by employers against smoking on the job would be 
effective. Among physicians, 83% felt that such restrictions would 
be effective in health care facilities, and 67% felt that 
restrictions would be effective on the job. These responses should 
be differentiated from those in other surveys that ask about 
support for restrictive smoking policies. The ABFP survey tried 
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to ascertain if respondents thought policies were an effective 
intervention for smokers to refrain from using tobacco, whereas the 
Gallup surveys tried to ascertain what people want in terms of 
protecting the nonsmoker from exposure to ETS. 

Few studies have actually been able to assess the effect of 
restrictive smoking policies on smokers' behavior, but some studies 
from individual worksites show decreased numbers of cigarettes 
smoked per day without a change in the prevalence of smoking 
(Peterson et al., 1987, Rosenstock et al., 1986). 

Conclusions 


These data indicate an important shift in public beliefs and 
attitudes toward ETS over the last decade or more. The majority 
of U.S. citizens have recognized that cigarette smoking directly 
harms the health of smokers (89% of men and 90.9% of women in 1975 
[AUTS 1975]; 92% of men and 91.8% of women in 1986 [AUTS 1986]). 
Moreover, the percentage of survey respondents who believe that ETS 
also harms the health of nonsmokers has increased dramatically (46% 
overall in 1974 [Roper 1978] to 81% overall in 1986 [AUTS 1986, 
Gallup 1988]). Even more Americans agree that ETS harms vulnerable 
populations such as pregnant women and children. 

Many laws and local ordinances that were put into place during the 
last decade undoubtedly increased public awareness of ETS issues 
(PHS 1989). The National Academy of Sciences Report and the 
Surgeon General's Report on involuntary smoking were released in 
late 1986. However, not all of the change in belief about 
harmfulness to ETS can be attributed to the publication of these 
reports* even though they received enormous media attention; most 
of the 1986 AUTS had been completed by late 1986. Therefore, the 
increase in reported beliefs about the harmfulness of ETS likely 
reflects a growing and sustained awareness among U.S. residents 
rather than merely a public response to the highly visible Surgeon 
General's Report. This report may have convinced more persons 
about the harmful effects of ETS, as evidenced by the results of 
the 1989 Gallup Survey. 

The slightly discrepant results on attitudes toward laws regarding 
restricting smoking in public places found in the 1986 AUTS and the 
1988 Harris Poll may be explained by the differences in the way the 
question was asked in this survey. Many laws were put into place 
by 1986, and respondents may have felt less concerned about 
increasing regulations than they did in earlier surveys, before 
these laws were in effect. These laws have been evaluated directly 
by researchers in some jurisdictions and indirectly by surveys, and 
they are apparently widely accepted by both smokers and nonsmokers. 


There appears to be a trend towards limiting smoking in workplaces. 
It is unclear whether laws and regulations restricting smoking in 
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public places (which became widespread in the late 1970s) were the 
stimuli for policies restricting smoking in the workplace (which 
are mostly a phenomenon of the 1980s) or whether simply the concern 
for the health of nonsmokers is the stimulus for this trend. The 
1986 AUTS results, which show that even with a total ban on smoking 
in the workplace some workers are exposed to ETS, suggest that 
there is incomplete enforcement of restrictions. In worksites where 
smokers and nonsmokers are segregated, exposure to ETS may result 
from the inefficiency of separating smokers and nonsmokers within 
the same airspace. The 1986 Surgeon General's Report concluded 
that this level of restriction was inadequate to protect the 
nonsmoker from ETS (PHS 1986). The 1990 Health Objectives for the 
Nation, which were endorsed by the U.S. Public Health Service, 
recommend that all 50 states have laws by 1990 that both prohibit 
smoking in enclosed public places and require separate smoking 
areas in the workplace and in dining establishments (PHS 1980). 

The number and strength of these "clean indoor air" laws continues 
to increase at both the state and local level.(PHS, 1989) 

As of late 1988, 31 states had laws restricting smoking in public 
worksites, 13 had laws restricting smoking in private worksites, 
and 26 had laws restricting smoking in restaurants (PHS 1989). 

Continuing to assess public knowledge and beliefs regarding tobacco 
use remains important as new information becomes available. These 
survey results assist public health providers in measuring the 
success of policies to control health hazards such as ETS. In 
addition, these data emphasize the change in the social milieu 
surrounding tobacco use. The shift in public attitudes away from 
the social acceptability of smoking may increase the pressure for 
smokers to quit and for potential smokers to avoid smoking. 
Policy-makers may also find it easier to address tobacco issues 
more directly if they understand the public opinions expressed 
through these surveys. 

SUMMARY 

1. The majority (81%) of U.S. citizens have recognized that 
ci'garette smoking harms the health of nonsmokers. 

2. As of late 1988, 31 states had laws restricting smoking in 
public worksites, 13 had laws restricting smoking in private 
worksites, and 26 had laws restricting smoking in restaurants. 

3. There appears to be a trend towards limiting smoking in 
workplaces; however, there are indications. of incomplete 
enforcement of restrictions. 
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Table 1. Surveys With Information on Beliefs, Attitudes, 
and Exposures to Environmental Tobacco Smoke 


Survey Year Sponsor 

Adult Use of Tobacco '64,'66,'70,'75,'86 Office on Smoking and 

Health 


Roper Organization 

'74, '76, '78 

Tobacco Institute 

Gallup Survey 

'83, '85, '87, '89 

American Lung 
Association 

Research & Forecasts 

'85 

American Academy of 
Family Physicians 

Gallup Survey 

' 87 

National Restaurant 
Association 

Harris Poll 

*87 

Prevention Magazine 

Gallup Survey 

'88 

American Cancer Society 

Hamilton, Frederick 
& Schneiders 

'88 

Tobacco Institute 
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Table 2. Beliefs About Harmfulness of 
Environmental Tobacco Smoke to Nnonsmokers (% of Respondents) 

by Smoking Status 


Smoking Status 


Survev 

Year 

Current 

Former 

Nonsmokers 

Never 

All 



Smokers 

Smokers 


Smokers 

Respondents 

Roper 

•74 

30 


57 


46 

Roper 

'76 

38 


61 


52 

Roper 

•78 

40 


69 


58 

Gallup 

’83 

64 

80 


84 


Research 







Forecasts'85 





77 






(Physicians=87) 

AUTS 

'86 

69 

82 

85 

87 

81 

NHIS-CEC 

'87 

67 

84 

89 


82 

Gallup 

•88 

64 

86 

89 


81 

Gallup 

'89 






Harmful to 

adults 




86 

Harmful to 

pregnant 

women 



88 

Harmful to 

children 




89 


Source: Roper Organization 1978; Gallup Surveys 1983, 1988; Adult Use 

of Tobacco Survey 1986, Research and Forecasts 1985 
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Table 3a. Annoyance Caused by 
Environmental Tobacco Smoke 
(% of Respondents Reporting Annoyance) 
by Smoking Status 


Annoyed by ETS 


Smoking Status 


Survey 

Current 

Former 

Nonsmokers 

Never 

All 


Smokers 

Smokers 


Smokers 

Resoondents 

AUTS 1964 

20 

49 

64 

69 

46 

AUTS 1966 

26 

52 


70 

48 

AUTS 1970 

34 

63 

73 

78 

59 

AUTS 1975 

35 

72 

79 

79 

63 

ROPER 1978 

5 



60 


AUTS 1986 

42 

73 

80 

83 

69 

NHIS-CEC 1987 34 

75 

88 

69 


Source: Adult Use of 

Tobacco 

Surveys 1964 

, 1966, 

1970, 1975, 1 


Roper Organization 1978, NHIS-CEC 1987. 
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Table 3b. 

Reactions to 

Secondhand Smoke 

in Public 

Places, 1987* 



Former 

Never 

All 



Smokers 

Smokers 

Nonsmokers 



% 

% 

% 

Ask person not to smoke 

4 

5 

4 

Move away 


52 

46 

52 

Do nothing 


40 

47 

40 

Do something 

else 

3 

3 

3 


*Not asked of current smokers 

Source: 1987 NHIS-CEC (Davis et al.? 1990) 
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Table 4. Public Opinion (% of Respondents Who Agree) 
on Separating Smokers and Nonsmokers 


in Selected 

Public Places, 1978 



Smokinq should 

be permitted: 


In separate 
sections 

Anywhere 

In trains, airplanes, and buses 

% 

91 

% 

7 

In theaters 

83 

11 

In eating places 

73 

25 

At indoor sporting events 

73 

22 

At public meetings 

67 

28 

In train, plane, bus stations 

62 

34 

In work places or-offices 

61 

34 

In barber or beauty shops 

53 

42 


Source: Roper Organization 1978 
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Table 5a. Public Opinion (% of Respondents Agreeing) 
on Banning Smoking in Selected Public Places, 1978 

Should smoking be: 

Banned Not banned 



% 

% 

In elevators 

86 

12 

In doctors* or dentists' waiting rooms 

69 

27 

In retail stores 

/ 

55 

41 

In theaters 

44 

47 

At indoor sporting events 

34 

57 

At ^public meetings 

32 

58 

In city, state, or federal buildings 

32 

63 

In taxis 

32 

64 

In trains, planes, buses 

26 

65 

In eating places 

23 

68 

In barber or beauty shops 

21 

70 

In work places or offices 

17 

73 

In train, plane, bus stations 

16 

75 


Source: Roper Organization 1978 
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Table 5b. Public Opinion (% of Respondents Agreeing) 
on Prohibiting Smoking or Retaining Current Policies 
in Selected Public Places, 1988 


" Current Policy 11 Prohibit all Smoking No Restriction 


In 

Restaurants 

74 

24 

In 

Worksites 

76 

20 


Source: Hamilton, Frederick, and Schneiders 1988 


2 
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Table 6a. Should Smokers Refrain from Smoking 
in the Presence of Nonsmokers? (% of Respondents) 


by Cigarette Smoking Status, 

Aaree 

1983, 1985, 

Disaoree 

1987, 

and 1989 

Don't 

Know 

Survey Year: 

'83 

1 85 i 

87 

1 89 

'83 ' 

85 

'87 

189 

'83 

'85 . 

00 

00 

vo 

Smokina Status 












Current Smokers 

55 

62 

64 


39 

37 

31 


6 

1 

5 

Former Smokers 

70 

78 

76 


22 

22 

19 


8 

0 

5 

Nonsmokers 

82 

85 

86 


14 

15 

10 


4 

* 

4 

All Respondents 

69 

75 

77 

82 

25 

24 

19 

15 

6 

1 

4 2 


*Less than 0.5% 

Source: Gallup Surveys 1933, 1985, 1987, 1989 
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Table 6b. "If People Want to Smoke, They Should Not Do So 
Inside Public Places Where it Might Disturb Others" 

(% of Respondents Agreeing) 1987 



Agree 

Disagree 

No Ooinion 

Current smokers 

67 

22 

9 

Former smokers 

80 

10 

8 

Never smokers 

89 

5 

5 

All respondents 

81 

11 

7 


Source: NHIS-CEC 1987 (Davis et al., 1990) 
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Table 7. Opinions Regarding Smoking in Selected Public Places 
and Worksites, (% of Respondents With the Opinion) 
by Smoking Status, 1983, 1985, 1987, 1989 


Set Aside 
Certain Areas 


Totally Ban 
Smoking 


No Restrictions Don't Know 


rt 

M 

Q 


1 

'83 

'87 

'89 

'83 

'87 '89 

'83 

'87 

'89 

•83 

'87 

'89 

i Current Smokers 

49 

61 


7 

6 

42 

30 


2 

3 


Former Smokers 

54 

72 


13 

9 

27 

16 


6 

3 


Nonsmokers 

60 

68 


15 

14 

20 

15 


5 

3 


All Respondents 

54 

67 

63 

12 

10 12 

30 

20 

18 

4 

3 

6 

Restaurants 













Set 

Aside 


Totally Ban 








Certain Areas 

Smoking 

No Restrictions 

Don't 

Know 



'83 

'87 

'89 

'83 

'87 '89 

' 83 

' 87 

'89 

'83 

'87 

•89 

Current Smokers 

74 

79 


12 

7 

13 

13 


1 

1 


Former Smokers 

71 

74 


19 

19 

9 

6 


1 

1 


Nonsmokers 

65 

71 


26 

23 

7 

5 


2 

1 


All Respondents 

69 

74 

66 

19 

17 23 

10 

8 

8 

2 

1 

3 


Worksites 


Set Aside 
Certain Areas 


Totally Ban 


No Restrictions 



'83 ' 

85 2 

87 

'89 

'83 

•85 

'87 

'89 

'83 

'85 

'87 

'89 

'83 

Current Smokers 

64 

76 

72 


11 

4 

8 


21 

19 

18 


4 

Former Smokers 

68 

80 

73 


14 

12 

16 


14 

6 

8 


4 

Nonsmokers 

63 

80 

67 


24 

9 

23 


9 

10 

8 


4 

All Respondents 

64 

79 

70 

65 

17 

8 

17 

21 

15 

12 

11 

10 

4 

Source: Gallup 

Surveys 

1983 

t 

1985, 

1987, 

1989 









Don't Know 

85 '87 


1 

2 

1 

1 
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Table 8. Restrictions on Smoking in Public Places 
(% of respondents favoring increase) 


by Smoking Status, 

1964, 

1966, 

1970, 

1975, and 

1986 

Smokina Status 

1964 

1966 

1970 

1975 

1986* 

Current smokers • ■- 

34 

35 

42 

51 

23 

Former smokers 

56 

58 

61 

77 

53 

Never smokers 

68 

67 

68 

82 

63 

All Respondents 

52 

52 

57 

70 

50 


*The question for the first four surveys read "The smoking of 
cigarettes should be allowed in fewer places than it is now." The 
question in 1986 read "There are already enough restrictions on where 
people can smoke." 

Source: Adult Use of Tobacco Surveys 1964, 1966, 1970, 1975, and 1986. 
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Table 9. Reported Worksite Smoking Policies and Worksite 
Exposure to Environmental Tobacco Smoke (% of Respondents), 1986 


Worksite Policv 

% Reoortina Policv 

% Reoortina Exoosure to ETS 

Not Restricted 

55.4 

64.8 

Restrictive 

42.1 

53.2 

Total Ban 

2.5 

21.1 


Source: Adult Use of Tobacco Survey 1986 
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THE EFFECTS OF PASSIVE SMOKING AND DAY CARE 
ON RESPIRATORY ILLNESSES 


Glen Bennett MPH 


Office of Prevention, Education, and Control 
National Heart, Lung, and Blood Institute 
Bethesda, Mb 20892 


1. INTRODUCTION 

Reports of the Surgeon General (43) and the National Research 
Council (27) concluded that children of parents who smoke have more 
lower respiratory diseases and otitis media. Other reviews (1, 17) 
showed that children in day care have more upper respiratory 
illnesses, especially otitis media. The overlap in these findings 
raises a new concern. Does passive smoking and day care attendance 
interact to increase the rate of respiratory diseases in infants 
and young children? This chapter examines the data to determine 
if evidence exist to support this concern. The chapter begins with 
a review of the day-care market to show its complexity. Ignoring 
the diversity of day care might lead to faulty conclusions and 
recommendations. 

2. DAY CARE IN THE U. S. 

2.1. GENERAL CHARACTERISTICS 

In 1982, 6 million mothers (48.2%) with a child under the age of 
5 were in the civilian work force. (28) The most drastic change 
has been the return of parents to work while their children are 
infants. (26) These children get care in three basic types of day 
care delivery systems. They are in-home care, family day care, and 
group day care. 

Parents, relatives, or non-relatives provide in-home care in -the 
home of the child. They also give family day care (day care homes) 
in a private home other than the child's. (2, 50) Day care 
centers, including nurseries, provide care for 12 or more children 
in nonresidential buildings. (17, 49) This sector is almost always 
subject to government regulation and is the smallest of the 3 
sectors. (17) However, centers are the fastest growing segment in 
the day care market. (1, 24, 28) 


180 


Source: https://www.industrydocuments.ucsf.edu/docs/htdlOOOO 


2040225240 



Draft — Do not cite or quote 


Table 1 lists the percent distribution of the type of child day 
care used by the age of the child. Nine percent (9%) of working 
mothers were able to care for their children while working. Almost 
one-third (30.5%) arranged for in-home care of their children. 
However, day care homes were the predominate source of care,i.e., 
40.2%. Table 2 describes the percent distribution of care-givers 
by the age of the child. Relatives provided child care to 29% and 
non-relatives provided 27.5% of all day care to children of working 
mothers. Data in Table 3 show that 22% of all children and almost 
25% of infants and toddlers got care in the home of a non-relative. 
(28) 


2.2. REGULATIONS 

The U.S. does not have a national policy on child care and efforts 
to develop one have reached a stalemate. (35) Sponsors have 
withdrawn the 1980 Federal Interagency Day Care Requirements. 
However, they continue to serve as a guideline for minimum 
standards. (49) 

Each state regulates its own day care facilities. They have 
.* written very tough requirements but enforcement is poor. (35) 

.. All states have passed regulations which contain some 

provisions for health and safety. However, they are not 
consistent. (17) Licensing practices also vary from state to 
state. (24) Forty-four (44) states now regulate family day 
care homes. (49) However, children cared for in their own 
home are beyond the reach of federal and state policy (17). 

2.3. PREVALENCE OF SMOKING 

In a 1980 survey, 28.9% of female child care workers smoked 
cigarettes. This is less than females in general. However, their 
rates are much higher than those for female elementary school 
teachers (19.8%) and higher than secondary school teachers (24.8%) . 
(44) 

3. RESPIRATORY INFECTIONS 

3.1. MAGNITUDE OF THE PROBLEM 

Upper respiratory infections are the most common diseases affecting 
children under 5 years of age. They are important causes of 
childhood illness and their treatment consumes a large portion of 
health care resources. (8, 14, 17) Infants average 7-8 acute 

respiratory infections per year. Older children, 1-5 years of age, 
average one or two fewer infections than infants. (17) 

Acute otitis media (AOM) is the most common complication of upper 
respiratory diseases in infants and young children. (16, 18, 31, 
47) AOM is the largest single cause of morbidity with possible 
sequelae in children. (47) Recurrent episodes are also very common 
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in children during the first years of life. (23) AOM account for 
one-third of pediatric office visits (31) and three-fourths of 
follow-up visits. (16) Nearly all children have at least one 
episode with effusion (OME) during their first 6 years of life. 
Some develop chronic OME or chronic otitis media with perforation 
and discharge. (45) Repeated episodes of OME in early life may 
lead to transient or permanent hearing loss and impeded speech. 
These conditions may then lead to developmental or educational 
delays. (17, 47) 

Bronchiolitis is the most common manifestation of lower respiratory 
infections in infants and small children. The true incidence is 
unknown. However, about 10 per 1,000 infant are hospitalized with 
bronchiolitis. The mean age for respiratory syncytial virus (RSV) 
bronchiolitis is 7.8 months and the peak age is 2 months. Half of 
children hospitalized for the condition are under 3 months of age. 
(42) 


3.2. DAY-CARE AND RESPIRATORY INFECTIONS 

Respiratory diseases are the most common ailments affecting 
Children in day care. (1) Today, infants and pre-school age 
children get infections at earlier ages and are spending more time 
outside the home. A common factor in this changing pattern is the 
increasing popularity of day-care centers. (24) Day care centers, 
with many children in the same place create favorable conditions 
for respiratory epidemics. (30) However, the total burden of 
respiratory diseases seems no greater for the day care child. They 
simply occur at younger ages. (1) 

The association of day care and respiratory diseases began in the 
1920's. (17) In the 1970's, Scandinavian researchers (19, 23, 31, 
32, 39, 41, 45) found an increased rate of otitis media among 
children in day care. Children in centers had the highest rate. 
Those in family day care held an intermediate position between 
centers and in-home care. Moreover, home-reared children with 
abnormal findings at first testing were significantly more likely 
to have normal results at subsequent testings. 

There are obvious difficulties in transferring the results from 
studies conducted in Scandinavian countries. However, Haskins (17) 
concluded that the high quality of these studies make the findings 
worthy of careful attention. They show that children in day care 
are at 2-3 times the risk of otitis media as those reared at home. 

Two American research teams (14, 42) confirmed the Scandinavian 
results. Visscher and colleagues (47) studied patients in a large 
pediatrics group practice in Minneapolis. They collected data on 
every child attending the clinic during a 2-week period in 
February, 1982. Cases were patient presenting with AOM on a study 
day. Controls had a diagnosis other than AOM and no prior history 
of otitis. Attending a day care facility was the second most 
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important risk factor. _ The risk increased with the number of other 
children at the facility. Exposure to smokers was not a risk 
factor. 

Fleming and colleagues (14) also studied childhood infections in 
Atlanta. They found that children attending day care were 
significantly more likely to have an upper respiratory tract 
infections during a 2-week. Maternal smoking also increased the 
risk. The effects of attending day care and smoking mothers were 
independent. Age and living in crowded conditions were also risk 
factors. The researchers estimated that 31% of upper respiratory 
infections can be attributed to day care attendance. 

Most studies of bronchiolitis focused on children in hospitals. 
Comprehensive studies of this disease in ambulatory patients or 
day-care centers are lacking. (42) However, a Chapel Hill, NC 
study compared the rates of bronchiolitis in a day care center and 
a pediatric practice. The rate was much higher in the day care 
center for children 6 months of age or younger. However, the 
proportion of cases requiring medical treatment and hospitalization 
was less among day care children. (10) 

Reviewers (1, 17, 18, 19) have identified problems which limits the 
generalization of the findings from these studies. They are: 

1 . Control groups were less than satisfactory. Researchers 
observed children in day care more frequently than those 
in home care. 

2. Some studies reported symptoms while others used 
diagnostic categories. 

3. The ages of children studied and the manner of reporting 
illnesses by age category differed widely. 

4. The reliability of case-controlled and cohort studies 
depends on the accurate quantification of disease 
occurrence. This raises the questions of whether day 
care parents seek a physician for their children's 
illnesses more frequently. When a day care provider 
suggests taking a child to a physician this might have 
important effects on parents. 

5. Most studies did not control for other factors that 
probably influence the incidence • of respiratory 
illnesses. These factors include housing, humidity, 
ventilation, passive smoking, and other air pollution. 

Nonetheless, reviewers concluded that most studies have shown an 
increase in respiratory diseases among children in day care. There 
is stronger evidence for initial and recurrent otitis media. (17) 
The rate of otitis is greater in large group day care centers and 
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probably smaller day care homes. (2, 17, 18, 31) Studies also show 
reduced rates of both symptoms and acute illnesses with increasing 
age in all sites. However, there is very little evidence of an 
excessive rate of illness in day care children for the more serious 
respiratory diseases. (17) Asymptomatic children do not have 
higher levels of respiratory tract pathogens or even different 
pathogens than children reared at home. (1, 17, 40) However, The 
true incidence of infectious disease in family day care is unknown 
since most of it is unlicensed. (2) 

3.3. PASSIVE SMOKING AND DISEASES IN INFANTS AND CHILDREN 

A number of studies have demonstrated a positive association 
between passive smoking and lower respiratory symptoms (4, 5, 13, 
36) and diseases. (11, 12, 22, 29, 48) The effect was stronger in 
infants.. Maternal smoking, when measured, showed a high 
correlation. However, paternal smoking was rarely significant. 

Studies on the relationship of passive smoking to the development 
of bronchiolitis are less clear. Two studies (32, 38) showed a 
positive association with maternal smoking. However, another study 

(29) did not find a relationship. 

Otitis media is the only upper respiratory disease reported in the 
literature as being associated with passive smoking. Five studies 
(3, 20, 21, 30, 34) showed an increased incidence of otitis media 
with maternal smoking. However, in five other studies (14, 39, 45, 
46, 47) parental smoking was not significant. However, the study 
by Fleming and colleagues (14) included only 34 cases among the 575 
children with upper respiratory illnesses. Pukander and colleagues 

(30) also suggested that day care attendance may mask the effect 
of parental smoking. 

Two comprehensive reviews (27, 43) concluded that lower respiratory 
diseases and otitis media occur more frequently in children with 
mothers who smoke. Two researchers (29, 48) offered explanations 
for the association with only maternal smoking. They argued that 
children are more likely to be with their mothers at the times 
smoking occur. Some mothers also remain at home with the child. 
This suggests that the duration of exposure to smoke rather than 
just the presence of a smoker is the more important factor. 

Both reports (27, 43) emphasized the need for caution in the 
interpretation of these studies. Independent risk factors, such 
as age and sex, were not always taken into account. The use of 
questionnaires to collect information on symptoms are prone to 
recall bias. Most studies examined only the effects of exposure 
to parental smoking, excluding exposures outside the immediate 
family. Future studies must control for potential confounding 
variables. 
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3.4. DAY CARE AS A CONFOUNDING VARIABLE 

Passive smoking increases the risk of upper and lower 
respiratory diseases in infants. Day care attendance also 
increases the occurrence of upper respiratory infections and 
perhaps some lower respiratory illnesses in infants and 
toddlers. However, studies focusing primarily on the effects 
of passive smoking did not control for day care attendance. 

Many of the studies on day care infections did not consider 
parental smoking as a possible confounding variable. 
Moreover, none of the studies in either area considered the 
smoking habits of day care workers. 

Seven of the day care studies (14, 19, 30, 39, 45, 46, 47) did 
consider parental smoking. Two of these studies (14, 30) found an 
independent effect for both day care attendance and maternal 
smoking. The effect of day care was strongest in both cases. The 
remaining studies showed a statistical significance for day care 
attendance only. 

It is unfortunate that researchers have ignored the smoking habits 
<?.f day care givers. Especially since the duration of exposure is 
‘important. (29,- 4*8) Smoking by day care workers exposes the child 
to smoke. The Section on Allergy of the Canadian Pediatric 
Association (37) provided support for this premise. They reported 
that, infants admitted to hospitals for chest problems had 
significantly more day care givers who smoke than did control 
infants. 

The smoking practices of workers in day care homes deserve special 
attention. This sector includes more children and is especially 
popular with mothers of infants and toddlers. Day care providers 
who smoke probably spend as much time with these children as their 
mothers. Thus, the smoking habits of these workers potentially 
confound the results of studies of the effect of parental smoking. 

4.^* RECOMMENDATIONS 

4.1. REGULATIONS 

Existing day care regulations clearly are deficient in mandating 
a safe and healthy day care environment. Federal regulation, while 
desirable, is not possible now. The prevailing attitude today is 
away from federal intervention and toward state and personal 
responsibility. (49) . The regulation of day care homes, which 
contain the most children, is an especially: delicate issue. 
Increased regulation of homes might have the effect of actually 
decreasing the availability of this mode of child care. (2) 
Moreover, the sheer number of providers and the small size of these 
units would make effective oversight difficult. (17) 
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The most important interim steps are to give parents better 
information and improve^ state regulations that relate to health. 

(17) Requiring all facilities to have written policies on health 
and give copies to parents is a start. Parents should also be 
informed about the potential interaction between passive smoking 
and day care on the risk of early childhood infections. (14) 

4.2. RESEARCH 

The sparse data available regarding family day care make it 
important to pay more attention to this mode. Since day care homes 
includes more children, particularly infants and toddlers, it is 
important to understand the disease experiences in these homes. (2) 

Surveys are needed to determine the smoking patterns of day care 
workers. Data from the National Health Interview Surveys, 
1978-1980 put the prevalence of smoking among female child care 
workers at 28.9%. However, these data excluded private household 
child care workers. 

4.3. EDUCATION 

Presently, Parents must judge for themselves the quality of care 
given to their children. However, most parents do not know what 
to look for in a day care setting and there are no federal 
standards. (35, 50) There are, however, guidelines that the child' 
development community supports. (35) There is also a checklist 
that can differentiate between centers of high and low quality. 

The checklist includes one item on smoking: "Adults do not smoke 
in rooms where children are." (7, 35) Education efforts to 
disseminate this information are needed. Low-cost materials must 
also be available to day care providers. (1) 

5. CONCLUSION 

The children of working parents are receiving day care primarily 
in their own home, family day care homes, and day care centers. 

Family day care is the largest of the three sectors but day care 
centers represent the fastest growing segment. Studies, mostly in 
Scandinavian countries, have demonstrated that children attending 
day care have more respiratory infections. The effect was stronger 
among infants and toddlers. 

Another group of studies have linked parental smoking, primarily 
maternal smoking, with an increase in respiratory diseases among 
infants. However, most of these studies did not control for 
attending day care. The few studies that controlled for parental 
smoking and day care showed a consistent and positive association 
for day care. Parental smoking was less clear. None of the 
studies, however, controlled for the exposure to smoke from day 
care workers. 
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needed in this area. The smoking practices of day care workers, 
particularly day care homes, may have been a major uncontrolled 
factor in past studies. 

In the interim, parents must be educated. They must know about the 
harmful effects of parental smoking and the potential for added 
exposure from day care workers. Some 58% of one sample attended 
full-time day care, i.e., 40 hours or more per week. (14) Thus, 
children of nonsmoking parents are not without risk. Staying with 
day care smokers may increase their exposure to smoke similar to 
that with smoking parents. Children of smoking parents may face 
as much as twice the exposure. This has special implications for 
day care homes. First, the children are younger. They also spend 
most of the time in a smaller environment with other children and 
the day care worker. If smoking occurs, the exposure should not 
be materially different from that found in the home. 

Day care providers must also know about the possible interaction 
of passive smoking and day care attendance. Those in day care 
homes, particularly, should not smoke in the presents of the 
children. Since strict regulations of this sector in not possible, 
the parents must insist upon this practice. 

Day care centers, while providing a different environment, should 
adhere to the same principle. They are similar to the school 
system where teachers can not smoke in the classroom. State 
regulatory agencies should a_lso include this provision in the 
licensing of day care facilities. 

SUMMARY 


1. Studies have linked both parental smoking and day care 
attendance with increased respiratory infections. Smoking by 
daycare workers may have been a major uncontrolled confounding 
factor in studies of infections caused by maternal passive smoking. 

2. Parents and daycare providers should be educated to know 
about the harmful effects of parental smoking and the potential for 
added exposure from day care workers, which could double total ETS 
exposure. 


3. State regulatory agencies should include prohibitions 
against smoking in daycare as they do in classrooms. 
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7. TABLES 


TYPE OP CHILD CARE BY AGE OP CHILD 
Table 1 


AGE < 1 Year 

1-2 Years 

3-4 Years 

TOTAL 

IN-HOME CARE 

34 .3% 

33.3% 

24.6% 30.5% 

DAYCARE HOME 

42.7% 

43.0% 

35.4% 40.2% 

GROUP CARE 

5.3% 

11.7% 

25.8% 14.8% 

MOTHER 

9.2% 

8.6% 

9.9% 9.1% 

TOTAL 

91.5% 

96.6% 

95.7% 94.6% 

Source: O'Connell 

and Rogers, 1982 

(28) 
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CARE GIVER BY AGE OP CHILD 
Table 2 


AGE < 1 Year 

1-2 Years 

3-4 Years 

TOTAL 

FATHER 

13.9% 

15.8% 

11.0% 13.9% 

MOTHER 

9.2% 

8.6% 

9.9% 9.1% 

GRANDPARENT 

22.4% 

16.8% 

14.6% 17.2% 

OTHER RELATIVE 

11.3% 

12.3% 

12.8% 12.1% 

NONRELATIVE 

29.4% 

31.4% 

21.6% 27.5% 

GROUP CARE 

5.3% 

11.7% 

25.8% 14.8% 

TOTAL 

91.5% 

96.6% 

95.7% 94.6% 


Source: O'Connell and Rogers, 1982 (28) 
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CAREGIVERS BY TYPE OP CHILD CARE AND AGE OF CHILD 

Table 3 


AGE < 1 Year 

1-2 Years 

3-4 Years 

TOTAL 

IN-HOME CARE 

Father 13.9% 

15.8% 

11.0% 

13.9% 

Grandparent 

8.9% 

6.3% 

3.6% 5.9% 

Other Relative 

5.1% 

5.0% 

5.7% 5.2% 

Non-relative 

6.4% 

6.2% 

4.3% 5.5% 

*DAY CARE HOME 

Grandparent 

13.5% 

10.5% 

11.0% 11.3% 

Other Relative 

6.2% 

7.3% 

7.1% 6.9% 

Non-relative 

23.0% 

25.2% 

17.3% 22.0% 

GROUP CARE 

Nursery 

1.7% 

3.2% 

11.7% 5.6% 

Day Care Center 

3.6% 

8.5% 

14.1% 9.2% 

MOTHER 9.2% 

8.6% 

9.9% 

9.1% 

TOTAL 91.5% 

96.6% 

95.7% 

94.6% 


Source: O'Connell and Rogers, 1982 (28) 
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FIGURES AND TABLES FOR CHAPTER 10 
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CHAPTER 11 

NO SMOKING POLICIES AT THE WORKSITE 
A Look at What Companies Are Doing Today 
Ruth Behrens* 

Washington Business Group on Health 


The movement of businesses to develop and implement smoking 
control policies appears to be strong, and may even by gaining 
momentum. 

A national survey released in 1987 by the Office of Disease 
Prevention and Health Promotion, U. S. Department of Health and 
Human Services, found that 27 percent of all U.S. companies with 
50 or more employees had a formal smoking policy. Of these, 40 
percent reported the policy was in place to protect nonsmokers; 40 
percent reported the policy was designed to comply with 
regulations? 13; percent reported a need to protect equipment; and 
^'percent advised that the policy was designed to protect employees 
at high risk for health problems. 1 

A more recent study that looked only at large and medium-sized 
companies, the 42nd annual Northwestern University Lindquist- 
Endicott Report, found that 70 percent had restricted, or were 
prepared to limit, smoking in the workplace. The study was 
released in early' 1988. 

Another study of 916 large and mid-sized U.S. companies, conducted 
in 1989 by Hay/Huggins, a management consulting firm, found that 
81 percent of surveyed firms with revenues of $1 billion or more 
restrict smoking; the percent dropped to 65 percent for companies 
grossing less than $200 million per year. 3 

A 1989 survey by the Gallup Organization commissioned by the 
American Lung Association found that 21 percent of individuals 
surveyed supported a total ban on smoking at the worksite, with an 
additional 65 percent in favor of smoking only in designated 
areas. " 

The development and implementation of a no smoking policy within 
a business is a multi-faceted process. Experiences of the growing 
number of companies that have developed written statements spelling 
out how smoking will be limited or prohibited illustrates vividly 
that the process involves many individuals and groups, and that 
deliberations often are emotionally charged. 
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This chapter contains a series of case studies outlining how 
several companies have successfully approached this process. But 
before discussing company-specific examples, there is merit in 
examining some of the key issues that must be looked at by any 
company considering developing a no smoking policy. Among the 
questions to be answered are: 

o What kind of specific smoking restrictions are best for the 
company? 

o What benefits can be realistically anticipated from the 
policy? 

o How should employees be involved? 

o How should unions be involved? 

o What kind of education should be offered and to whom? 

o What kind of incentives should be offered? 

o How should the policy be enforced? 


Further details about each of these steps are contained within the 
"Case Studies" section of this chapter. 


Options for Smoking Restrictions 

Restrictions on smoking in the worksite are not new. 

For years—even decades--businesses have had policies that banned 
smoking in specific areas such as elevators, hallways, auditoriums, 
sections of cafeterias, laboratories, rooms with delicate 
equipments, etc. In many instances, these restrictions were 
imposed because of laws or ordinances requiring them or to protect 
property. Before the 1980s, they were seldom implemented for 
health reasons. The assumption was, of course, the entire company 
is considered a Smoking Permitted area unless otherwise specified. 

Another type of policy began appearing with regularity in the mid 
and late 1980s. It banned smoking throughout the company except 
in designated areas. While many of these policies did not 
necessarily put greater limits on smoking—often allowing offices 
and work areas, special lounges, large parts of the cafeterias, 
etc, to be designated as Smoking Permitted areas, they did set the 
precedent that the company is Smoke Free except in specified areas. 


While the difference between these two types of policies may seem 
subtle at first glance, there is a strikingly different corporate 
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philosophy underlying the two approaches. And in the late 1980s, 
it was this latter approach—establishing a smoke free company, 
possibly with a few, carefully selected areas that permit smoking- 
-that appeared to be setting the pattern for worksite smoking 
policies. 

According to a spokesperson for Texas Instruments, Inc. (TI) , 
determining what approach to take in limiting smoking was the most 
difficult aspect of developing and implementing its policy. 

As TI and many other companies have found, designating even a few 
smoking areas within a company can still pose serious health 
hazards for employees. Smoke from lounges, cafeterias, hallways, 
and enclosed offices, gets into the ventilation system and is 
circulated throughout the building, including into no smoking 
sections. (See "Case Studies: Pacific Northwest Bell.") As an 
interim step in a phased-in nonsmoking work environment. Pacific 
Mutual Life Insurance Company, Newport Beach, California, installed 
electronic filters in the temporary smoking area of its cafeteria. 

TI chose to avoid this problem by eliminating smoking from the 
worksite except for designated smoking areas which were, to the 
extent possible, separately ventilated. Similarly, the 
headquarters complex of General Telephone of California prohibited 
smoking in all areas except a small portion of the cafeteria that 
has its own ventilation system. 

For others like American Family Insurance Group, Madison, 
Wisconsin, Pennsylvania Blue Shield, and UNUM Life Insurance 
Company, Portland, Maine, the choice to provide separate 
ventilation was either too expensive or physically impossible, so 
they chose to ban smoking completely at the worksite. On October 
1, 1987, Ralston Purina's headquarters in St. Louis, Missouri, 
became the first Fortune 500 company to completely ban smoking in 
its facilities. 

Clearly, more and more companies are banning smoking or severely 
limiting it. Most require that all visitors abide by the company's 
regulations. Some will not allow smoking on company property, 
including grounds and parking lots. Groups like Michigan Bell, 
which has a large number of motor vehicles, are expanding their 
bans to all company-owned vehicles. However, others are voiding 
a ban in company cars and trucks because they believe enforcement 
will be virtually impossible. 

A few companies have gone even further, and may be bellwethers for 
a future tend. These companies require that all hew employees sign 
a statement that they are nonsmokers, even on their own time. 
Company policies prohibiting the hiring of smokers got nationwide 
publicity when Acoustical Products Company, a subsidiary of 
Chicago-based US Gypsum Corporation, announced that because of 
exposures to fibers that could have adverse health effects, all 
present workers were required to quit smoking or face termination, 
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and in the future, only nonsmokers would be hired. The Non-Smokers 
Inn in Dallas, Texas, provides only nonsmoking rooms and hires only 
individuals who do not smoke. At Cardinal Industries, Columbus, 

Ohio, new employees must state on the application form whether or 
not they smoke, and only nonsmokers will be hired; but the company 
does not make any effort to validate applicants* statements. 
Louisiana Pacific Corporation, a Portland, Oregon-based national 
timber company with 15,000 employees, does not hire smokers in any 
of its plants or in corporate offices "because of the medical 
costs, absenteeism, environment of smoke in the workplace, the fire 
problems in the mills, and lung cancer." 2 

The vast majority of companies still do not require that new 
employees be nonsmokers. But many companies with strict bans are 
seeing fewer smokers apply. "Why would a smoker want to work for 
us," one company spokesman said, "when we deprive him of his habit 
for eight hours every workday?" 


Benefits of No Smoking Policies 

Developing and implementing a worksite no smoking policy may not 
be easy and may cause some discomfort for smokers and management 
alike. So why do companies do it? What benefits do they receive? 

In a recent national survey of all types of worksites with 50 or- 
more employees, the Office of Disease Prevention and Health 
Promotion, U. S. Department of Health and Human Services, asked 
those with smoking programs what benefits they perceived. 

o 41 percent said smoking control policies and programs 
improved employees' health; 

o 16 percent said they increased employees' productivity; 

o 9 percent said they improved morale, and 

o 8 percent said smoking control activities reduced costs. 1 

Some companies have conducted evaluations of the results from their 
smoking control efforts. Several of these studies, along with some 
anecdotal findings, are reported in this chapter's Appendix, "The 
Economic Justification for No Smoking Policies." 

To many companies, a reduction in the number or percent of 
employees who smoke is benefit enough from a policy. Smokers 
dropped from 21 percent of the workforce to 16 percent in two years 
at UNUM Life Insurance Company. In addition, 87 percent of the 
smokers reported they were smoking less after the policy was 
implemented. At Pacific Northwest Bell, smokers dropped from 28 
percent at the time the ban was implemented to just 20 percent of 
employees two years later. 
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Employee Involvement 

Some companies, especially those wanting quick results that can be 
controlled, develop smoking policies at the top executive or 
management level and announce them to the employees. But a more 
frequently seen pattern today involves employees in the process of 
formulating and implementing a policy from the outset—but with 
varying degrees of direction from management. Companies have found 
that involvement of employees, including smokers, facilitates 
compliance with the resulting policy. 

In some companies, the involvement takes the form of responding to 
a charge. For example, an employee committee might be asked to 
examine the issues and problems related to smoking at the worksite 
and to present to management within three months recommendations 
for a policy and implementation plan to deal with them. In others, 
management may decide that smoking is a serious health hazard to 
its employees and that smoking is to be eliminated in 12 months. 
This organization's charge to employees might be to review how 
other companies have successfully moved to a smoke free workplace 
and to present recommendations for steps the company should 
Undertake during the next 12 months to make that transition both 
smooth and as painless for smokers as possible. 

Regardless of the approach, if employees are to be involved, it is 
important that their contributions have meaning and be listened to 
objectively by management. 

When tracing the history of smoking policies in organizations, it 
is not unusual to find that the initial push to limit or eliminate 
smoking came not from management, but from the employees, 
themselves. 

At UNUM Life Insurance Company, employees' complaints, coupled with 
a Maine law requiring employers to reduce smoking, resulted in the 
company-wide ban. Pacific Northwest Bell emphasizes that no 
company officer or executive advocated its move to implement a 
smoking policy. Rather, the impetus came from employees. A grass 
roots group conducted a survey of workers and eventually 
recommended that PNW Bell ban smoking. The Employee Advisory 
Council at Cardinal Industries' Sanford, Florida, plant initiated 
the idea of a tough no smoking stand. (See "Case Studies—Cardinal 
Industries and Pacific Northwest Bell") 

At Holiday Corporation, Memphis, Tennessee, a task force of 
employees developed a Clean Air Policy covering its headquarters 
offices. The task force was originally set up as a Wellness 
Committee a full year before work began on the smoking policy. The 
employee group researched various aspects of the smoking problem 
by gathering data, talking to other companies that had already done 
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it, and working with the local cancer society and lung association. 

A survey was conducted of all employees to identify their habits 
and attitudes related to smoking. The task force, itself, created 
the phased-in process that resulted in Holiday Corporation 
headquarters and several of its subsidiary groups going smoke free 
on January 1, 1987. 

But the act of involving employees is not always as easy as it 
might seem, according to Charles Nielson of Texas Instruments. 

It is important to involve employees in the process of developing 
a policy as early as possible, and a survey of their habits and 
attitudes provides invaluable data to management, says Nielson. 
Because TI has so many locations, however, timing of an employee 
survey was sometimes very difficult; in some locations, the policy 
had already been set by corporate headquarters before the attitude 
survey could be conducted. As a result, some employees felt they 
were being manipulated. "Data is vital to planning, but timing is 
also important so that the company maintains its credibility," 
cautions Nielson. 


Union Involvement 


fh any unionized organization, consideration must be given at the 
outset to how and when unions will be involved. Popular thinking 
just a few years ago was that unions would block most company-’ 
sponsored wellness efforts, particularly those that interfered with 
individual lifestyle choices, such as smoking. But through the 
work of several pioneering unions such as the Amalgamated Clothing 
and Textile Workers Union, the United Steelworkers Union, and the 
United Auto Workers, as well as the efforts of national groups 
including the Workplace Health Fund, more and more labor groups are 
willing to cooperate with management in reducing smoking if they 
are approached properly—and early in the process. 7 

Unions also recognize that their membership reflects closely the 
national averages, therefore the vast majority of their members do 
not smoke. As a result, many unions are receiving increased 
pressure from their membership to help control smoking in the 
workplace. After having been involved in all aspects of policy 
development, the Communications Workers of America sent a memo to 
its 8,000 members at Pacific Northwest Bell acknowledging that the 
company was implementing a smoking ban, blit stating that CWA would 
not oppose it because of the possibility that nonsmoking members 
would sue the union—and probably win. (See "Case Studies: 
Pacific Northwest Bell.") 

In late 1985, the Workplace Health Fund, in cooperation with the 
Office of Disease Prevention and Health Promotion, (US DHHS), held 
a conference of union people to discuss the merits and value of 
health promotion. One of the outcomes of the meeting was a set of 
criteria for union involvement in worksite wellness efforts. 
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Among the recommendations were two that placed heavy emphasis on 
the need to have a good working relationship between the union and 
management before attempting to implement any kind of wellness 
program. "Worksites in which labor and management are not 
cooperating to bring health and safety hazards under control should 
not be sites for health promotion activities." In addition, "where 
the worksite is not under control or the employer is uncooperative, 
and where the union has established the need for health promotion, 
the programs should be conducted outside the worksite.” 7 


But for any unionized company considering a smoking policy, the 
first step must be to look carefully at its union contracts, 
particularly for any wording that might guarantee members the right 
to smoke. If such agreements exist, the likelihood of the union 
supporting a no smoking policy is slim. 


Sue Pisha, area director of the northwest region of the 
Communication Workers of America, believes that with motivational 
information and education, there is the potential for unions to 
eventually become a proactive force for nonsmoking policies. 
"Policies seem to eliminate in-fighting," she says. "Without a 
jpolicy, the issue. is messy and polarizing." 8 


Education 


A companion element of virtually every successful workplace no 
smoking policy is an educational program designed to inform 
employees about the new rules and to provide opportunities for 
smokers to kick the habit. While behavior modification programs 
are the most commonly presented, some companies have offered 
innovative approaches such as acupuncture, hypnosis, self-help 
materials, hot lines, incentives for nonsmoking employees to 
encourage and assist their co-workers to quit, and multi-day 
intensive programs for hard-core smokers. 

Now that the nicotine in tobacco is widely recognized as an 
addictive substance, in much the same way that alcohol and drugs 
are considered addictive, other education techniques also have come 
into use. They include aversion techniques such as satiation and 
rapid smoking, relaxation training, coping skills training, 
stimulus control, and nicotine fading. 9 

In addition to on-site opportunities, businesses have gotten good 
results by encouraging participation in community-sponsored stop 
smoking classes merely by providing lists of sessions available 
through reputable groups such as cancer and lung associations, 
hospitals, Y*s, and for-profit organizations. 

Because quitting can be very difficult and often is greatly 
enhanced by peer and family support, many companies make cessation 
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opportunities available to spouses and other immediate family 
members, as well. (See "Incentives.") 

UNUM Life Insurance Company offers classes for a usually over¬ 
looked group, nonsmokers. The classes are designed to help those 
who do not smoke understand the problems faced by smokers trying 
to quit and to urge them to encourage fellow workers to quit or to 
refrain from smoking. At Rainier Bank, Seattle, Washington, stress 
management classes were offered to help smokers adjust to the 
policy as well as to assist those who were trying to quit. 

While no national data are available on worksite quit rates, strong 
worksite programs claim anywhere from 20 to 50 percent quit rates 
after one year. However, most published studies report six-month 
abstinence rates of 3 0 percent or less. 10 As a result of an 
intensive smoking cessation campaign, Johnson & Johnson, New 
Brunswick, New Jersey, reports a two-year success rate of 23 
percent of all smokers in the company, not just 23 percent of those 
who went through a program or completed it. 11 


Incentives 


PTany companies go a step beyond offering cessation classes by 
providing incentives for smokers to quit. Some also have devised 
rewards, for non-smokers. The most widely used incentives for 
smokers are monetary, often tied to completing a cessation program 
and/or stopping smoking. Many companies offer cessation classes 
free to employees and their families, often during company time, 
or reimburse them for the cost of taking a community-based class. 
Others, like the Utah State Department of Health, reward smokers 
who actually quit. The "Healthy Utah" programs pays $25 to smokers 
who quit at the end of three smoke-free months, another $25 after 
six months, and $50 at the end of a year of not smoking. 12 

Nonmonetary incentives, too, can be appealing. Employees who 
participated in a 24-hour "Cold Turkey" stop smoking day at MSI 
Insurance, Arden Hills, Minnesota, became eligible for a drawing 
for a frozen turkey. Those who quit for six months were eligible 
for a drawing for a free YMCA membership, and anyone who stayed off 
cigarettes for a full year was eligible for a weekend vacation.^ 

Some companies also have gotten creative in finding ways to reward 
employees who are nonsmokers or who quit before a policy goes into 
effect. Employees who take a health risk appraisal at Westlake 
Community Hospital, Melrose Park, Illinois, receive a $50 "bounty" 
for participating plus several "good health bonuses" including $25 
for not smoking. Weekly paychecks at Speedcall Corporation, 
Hayward, California, include an extra $7.00 for those who do not 
smoke at work. Backsliders who light up one week and lose their 
reward are encouraged to get back quickly to not smoking,' so the 
next week without smoking earns the $7.00 bonus again. 12 
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Businesses also offer nonsmokers discounts on life and health 
insurance, a very visible and tangible incentive to stop smoking 
and improve health. 


Smoking Policy Enforcement 

Without a doubt, one of the most difficult questions asked by 
companies considering a smoking policy is "How can a no smoking 
policy be enforced?" The response from most businesses that have 
moved to a ban is that the company must first demonstrate to 
employees that it is serious about eliminating smoking in all or 
parts of the building. Second, it must handle violations in the 
same way that infractions of all other personnel policies are dealt 
with. 

Cardinal Industries had a highly visible and dramatic way of 
demonstrating its commitment. Its president, Austin Gurlinger, a 
cigar smoker, stated to all employees that he would refrain from 
smoking at the workplace. 

Making certain that each employee receives a copy of the policy in 
advance of its implementation and posting signs clearly delineating 
where workers may and may not smoke are small steps that can help 
show a company's commitment to smoking controls and increase 
compliance, as well. 

Some companies are enforcing their no smoking policies by referring 
employees who are unable to quit because they are addicted to 
nicotine to an Employee Assistance Program. These companies may 
apply the same enforcement guidelines to addicted smokers as they 
do to users of alcohol or drugs, requiring that they overcome the 
habit in order to remain with the company. 

Most companies say that no employees have quit their jobs because 
of the new rules. However, most also point out that a few have 
"tested" the policy, with some pushing it all the way to probation. 
According to Dick Becker, employee services representative for 
American Family Insurance Group, "Some employees tested the waters, 
sneaking cigarettes in the rest rooms. Supervisors let it be known 
that smoking would be treated like any other violation of policy, 
for example, inappropriate dress ." 6 Holiday Corporation follows 
its usual procedure for violation of any company rule—first a 
verbal warning, then a written warning, followed by a "final" 
warning, and if necessary, termination. 

But all agree, termination is not the objective. Everything 
possible should be done to encourage employees to comply, and most 
feel that peer pressure is the best policing mechanism. However, 
when an employee continues to break the rules, he or she must be 
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disciplined appropriately, or the entire policy will crumble, (See 
'•Case Studies.") 


CASE STUDIES 

The following case studies illustrate how four widely different 
companies approached the development and implementation of a policy 
to reduce or eliminate smoking within their organizations. 

CARDINAL INDUSTRIES, INC. 

Overall Policy: A total ban on smoking on any company property 
exists; all new employees must attest to being nonsmokers. 

Beginning January 1, 1987, the 8,650 employees of Cardinal 

Industries were assured of a totally smoke free work environment. 
One year prior to the ban, Cardinal, the nation's largest 
manufacturer of modular homes, had taken an even more dramatic step 
by instituting a multi-faceted policy that included hiring only 
nonsmokers as new employees. 


Benefits Anticipated 

Although insurance carriers are saying it will take 12 to 18 months 
to see any decrease in insurance rates, Cardinal's management 
expects to significantly lower operating costs, increase 
productivity, reduce absenteeism, and eventually pay lower 
insurance premiums as a result of the new policy. Even more 
importantly, it expects to improve the health of its key asset— 
its human resources. 

But employees at Cardinal's Sanford, Florida, location—one of four 
regional sites throughout the country—are convinced they would 
have gone smoke free even without the corporate edict. Why? 
Because employees wanted it, and because management recognized the 
negative impact of smoking on employees' health and productivity. 
The passage of Florida's Clean Indoor Air Act in October, 1985, 
focused attention on the plant's efforts and established it as one 
of the most progressive worksite no-smoking policies in the state, 
stimulating a letter of commendation from the governor. 


Employee Involvement 

Because of the nature of materials used at Cardinal, the second 
largest residential builder in the country, the company had a long¬ 
standing policy prohibiting smoking in its five manufacturing 
plants. But at the Sanford location, the real push for a tough 
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policy that extended beyond the manufacturing facility came through 
its Employee Advisory Council in late 1985. Made up of employees 
elected by the workers within each department, the Council meets 
regularly with top management. 

Based on employees* suggestions, a three-phase policy was developed 
and implemented Jan. 1, 1986, that gradually eliminated smoking in 
meeting rooms, the cafeteria, and other common areas over the next 
12 months. As part of the policy, which was designed to make 
Cardinal smoke-free by the end of the year, the company began 
hiring only non-smoking personnel. Current employees' smoking 
privileges (in designated areas) were grandfathered for the 
remainder of the year. 

But before the policy was implemented, it required approval by top 
management, including the company's 33 year-old founder and 
president who was a cigar smoker—a situation that has stopped many 
other companies with good intentions. "We had been looking for 
ways to reduce our health care costs and at the same time improve 
efficiency and productivity," said a company spokesperson, "and the 
evidence about the health consequences of smoking were too powerful 
to ignore. When you add the fact that Cardinal pays for 100% of 
jemployees' health insurance, the decision seemed inevitable." 


Enforcement 


In many ways, the fact that the chief executive at Sanford was a 
smoker aided in convincing employees that the plant was serious. 
The announcement that only nonsmokers would be hired and that there 
would be no exceptions to the rule—even the president—helped 
overcome one of company's biggest obstacles to successful 
implementation...convincing employees that the company is serious 
about the ban. 

A second advantage Cardinal has in terms of enforcement is a highly 
desirable work environment. It pays top benefits and offers 
excellent working conditions. An employee must balance sacrificing 
his/her smoking habit for eight hours each day with sacrificing a 
job at Cardinal. So far, Cardinal has won every time. Not only 
has no one quit, but the ban has not even been tested. "They know 
we are serious, and if they test us, they must be willing to live 
with the consequences." Management also believes that the long¬ 
standing positive environment among employees and management has 
contributed to the easy transition. 


Education 


During the 12 months between the announcement and the 
implementation, various company-paid educational programs and 
cessation classes were offered. In addition to regular stop 
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smoking seminars provided after business hours, employees and their 
families also were offered a hypnosis program, and for those who 
felt they were addicted to smoking, an intensive two-day, off-site 
treatment program was provided. FDA approved pharmaceuticals also 
were offered as quitting aides. During the period preceding the 
ban, smoking areas within the locations were gradually restricted 
until, on January 1, 1987, the entire company became smoke free. 


Blue Collar Workers 


Although no survey has been taken to determine how many employees 
have quit smoking, a survey taken before the ban was implemented 
revealed that more white collar employees than blue collar workers 
were smokers. At the Florida location, for example, some 40 to 45 
percent of employees could be classified as "blue collar." But 
partly because the manufacturing plants were always nonsmoking, 
there has been no particular problem in implementation. 


Off-Job Smoking 

In a Position Paper discussing its policy, Cardinal Industries 
states, "The program only concerns itself with smoking in the 
workplace'and not what employees do on their own personal time. 
Cardinal Industries never has, and never will try to regulate the 
activities of its employees on their own personal time." Thus, 
while Cardinal's application form asks prospective employees 
whether or not they smoke, and while its policy prohibits the 
hiring of smokers, no attempt is made to test employees or to check 
on their off-work habits. 


TEXAS INSTRUMENTS 

Overall Policy: Smoking is prohibited in all owned and leased 
facilities except in specific locations in each facility that 
are designated as smoking areas and, to the extent possible, are 
separately ventilated. 

In late 1985 and early 1986, several of the 37 major sites of Texas 
Instruments began implementing their own smoking policies as a 
result of employee complaints and local' Clean Air legislation. 
Rather than be faced with 37 different policies to implement, TI 
made a decision to implement a single corporate-wide policy. 


Employee Habits and Attitudes 

Before embarking on policy development, TI surveyed its employees 
to learn how many smoked and how they viewed worksite smoking 
restrictions. About half of the more than 50,000 workers surveyed 
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took the time to respond, revealing that 77 percent of TI employees 
were nonsmokers or exsmokers, and that just 2 3 percent were current 
smokers. Of those who smoked, over 40 percent said they wanted to 
quit. 


Corporate Objectives and Policy 

Before designing the Clean Air Policy, top corporate management 
agreed on three objectives that would form its underlying 
philosophy. There were to: 

o provide a healthful and safe working environment; 
o ensure high quality in all TI products? and 

o initiate the company's clean air approach rather than be 
forced to react to legislation (including the possibility of 
legislation from many different states and municipalities). 

From these objectives grew TI's Clean Air Policy. 

"It is the go*al of Texas Instruments to provide for its 
employees a healthful and safe working environment. In accord 
with this goal, Texas Instruments will prohibit smoking in all 
TI owned and leased facilities, except for specific locations 
in each facility which are designated as smoking areas." 


Education and Training 

To underscore the importance of the new policy, the eight-month, 
phased-in implementation process took a top-down track, with the 
President and CEO Jerry Junkins working directly with a key 
operating manager and the personnel director from each location 
throughout the organization. During the session, Mr. Junkins 
emphasized the organization's complete commitment to the new 
personnel policy and each individual manager's responsibility for 
its successful implementation. These teams then headed up similar 
training programs in their own locations. Training sessions were 
conducted for selected managers using a centrally prepared manual 
to ensure consistency among the .37 locations. Specially developed 
brief video tapes offered all employees an introduction to the 
policy (3 minutes), briefed managers and supervisors on issues 
related to smoking (10 minutes), and assisted managers and 
supervisors in learning techniques for resolving smoking-related 
problems at the worksite (16 minutes). 

Making every effort to assist smoking employees to prepare for the 
new policy, TI provided company-paid smoking cessation programs on 
company time during the initial phase-in of the clean air program. 
Classes were scheduled to accommodate workers on all three shifts, 
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and "maintenance sessions" were offered to provide additional 
support. 

More than 4,700 employees signed up for cessation classes, 
representing 40 percent of the company's smokers—almost exactly 
the percent that said they wanted to quit in the employee survey. 

Of the group, 3,235 completed all the required classes (including 
maintenance classes), with 1887, or 58 percent, reporting they had 
quit by the end of the program. 


As a further aid, a Tip Sheet, "How to Make Life Easier Until the 
Next Cigarette Break" provided "some practical suggestions to help 
you when you need to change your regular smoking routine." A "Wrap 
Sheet: Daily Cigarette Count," designed to be wrapped around a pack 
of cigarettes, offered an easy place to keep track of how much was 
smoked, when and why, in the hope that the information would assist 
the smoker in altering his/her habits. 

However, all communication was not downward! Employees were given 
opportunities to ask questions and voice concerns during 
educational programs. Special attention was paid to employees 
concerns and complaints in in-house communication vehicles, as 
well. 


Facilities Modification 

Because TI chose to designate a limited number of areas in each 
building as smoking areas rather than to completely ban tobacco, 
it faced the problems of recirculating contaminated air. Thus, 
where necessary and possible, facilities were modified to provide 
separate ventilation. In addition, all cigarette machines were 
removed from TI facilities and a decision was made that no new ones 
would be installed. 


Enforcement 


TI made it clear from the beginning that a new personnel policy had 
been established that would be monitored and enforced in the same 
way as all other policies, such as attendance. Thus, anyone found 
smoking in non-designated areas would be given an oral warning. 
If there were no further problems, no further action would be 
taken. However, with subsequent smoking incidents, the employee 
would be given written guidance, followed by probation for 
additional infractions, with termination as a final step. But TI 
stressed to all supervisors that they should make every effort to 
educate smokers about the importance of the policy, rather than to 
be heavy-handed. After nine months, "two or three cases" have gone 
to probation, but no one has been terminated because of smoking. 
Considering that 50,000 to 60,000 employees are covered by the 
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policy, this is an excellent record, says Charles Nielson, Vice 
President and Manager of U.S. Employee Relations. 


Advice? Keep Policy's Purpose in Perspective 

Nielson cautions other companies considering establishing a no 
smoking policy that one of the most difficult problems they face 
will, be keeping the desire to eliminate the health hazards of 
smoking at the worksite in proper perspective. 

TI made.a corporate decision to eliminate smoking at the worksite 
except in designated areas. The decision was a business decision, 
not a moral or a value judgement. TI, which has 50 percent of its 
business in semiconductors, is facing intense competition, 
according to Nielson. Therefore, it must have productive 
employees. And that means it must have good relationships with all 
its employees. But smoking is an emotional issue for many people, 
both smokers and nonsmokers. "I'm not sure those of us in the 
personnel field have yet learned how to deal with this kind of 
highly charged issue and still maintain our productivity," states 
Nielson. "It takes a lot of hard work to achieve the desired 
..atmosphere of teamwork, rather than an adversarial relationship." 


RAINIER BANK/RAINIER BANCORPORATION 

Overall Policy: Following a one year phase in period, smoking 
is banned in all 200 domestic facilities and in car pool 
vehicles. 

In September, 1985, the 5,800 employees of Rainier Bancorporation's 
U.S. facilities received a communication from their President, John 
D. Mangels stating that "We are committed to insuring a healthful 
and comfortable environment for all employees." As part of that 
commitment, he announced, the corporation would become smoke-free 
on October 1, 1986. As part of a transition plan, beginning 
October 15, 1985, smoking would be restricted to designated areas, 
and the company would sponsor and pay for smoking cessation classes 
to assist employees who choose to quit. 

Rainier Bancorporation is headquartered in Seattle, Washington, 
with 200 offices in Washington, plus Alaska, Oregon, California, 
Hawaii, Arizona, New York, and the Far East. 


Health Threats, Employee Complaints, Legal Concerns Prompt Policy 

According to Peter Broffman, personnel officer for Rainier Bank, 
the major subsidiary of Rainier Bancorporation, the policy resulted 
from three converging issues, the major one being a concern for 
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employee health and wellness. Additional factors were an 
increasing number of employee complaints about smoke in the 
workplace, and the changing legal and regulatory climate. In July, 

1985, the state of Washington had adopted a Clean Indoor Air Act 
that prohibited smoking in public places, including public areas 
of banks, and there was reason to believe that unless employees 
acted on their own initiative, there might also be legislation 
regarding private workspace. That, coupled with an increasing 
number of court cases upholding the right of employees to have a 
smoke free workplace, added impetus to the development of a policy. 


Communications Vital to Implementation 

Once the decision was made to go forward with a phased-in ban, 
communications with employees became a key link to successful 
implementation. Emphasis was placed on the fact that Rainier was 
prohibiting smoking at the workplace, not smokers. 


Phase-In Period 


During the transition period, managers were given discretion to 
determine the most appropriate way to make the transition. The 
company policy stated that "The needs and 'comfort level' of both 
smokers and non-smokers should be considered during this period." 
Guidelines for Phase I stated, in part: 

o All common areas, including lobbies, elevators, conference 
rooms, hallways, libraries, rest rooms and computer rooms 
will be smoke free. 


o In open-office work environments, managers should use 
discretion in deciding whether those areas should be smoke 
free. Individual employees may, of course, designate their 
assigned immediate work space as a no-smoking area. 

o Employees with enclosed offices may designate their area as 
a smoking or no-smoking area. However, the rights of non- 
smokers who must come into an enclosed office to conduct 
business should be respected. 

o Lunchroom and lounge areas will be divided into areas for 
smokers and non-smokers. Managers are given discretion to 
divide the rooms as appropriate for their locale. 

According to Broffman, there were relatively few difficulties in 
the initial phase of implementation. The few problems that did 
exist were due largely to differences in the ways various managers 
chose to implement and police their smoking restrictions. 
Occasionally disputes arose over what areas should be smoking and 
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nonsmoking, especially in the smaller branch offices where there 
were few options for allocating space. For the most part, Broffman 
says, the problems were minor and easily resolved when the total 
prohibition was enforced. 

However, in retrospect Broffman believes that a shorter transition 
period. might. have been more desirable. "A three to six month 
phase-in period probably would have been adequate,” he says. 

"Many smokers go through a adjustment period. A few indicated that 
putting off the inevitable ban for too long really isn't doing them 
a favor because it prolongs the period of anxiety and allows them 
to procrastinate _ in making the adjustment. Also, a shorter 
transition emphasizes the resolve of the company to become smoke 
free." In addition, any employees who want to defeat the policy 
will use the entire phase-in period to rally support. A shorter 
transition period would shorten the debate and lessen the 
possibility that the detractors will succeed. 


Enforcing the Ban 

Phase II, the total smoking ban, was introduced in a low-key, 
•matter-of-fact manner: a simple "reminder" that smoking would be 
prohibited in all work areas. With the exception of minor, final 
P r °tests by a few "die-hards", employees accepted the new policy. 
Rainier has received no formal complaints, has had no problem with 
recruiting, and no one has resigned. The only complaint Broffman 
is aware of is that a few employees who still smoke do so 
immediately outside company building during breaks, and some 
employees are concerned about the impression this gives to 
customers entering the bank. 

Because of its stance that Rainier is eliminating smoke, not 
smokers, the organization makes no attempt to discriminate against 
hiring smokers. 


Biggest Obstacle to Policy: Fear 

Broffman acknowledges that when the policy was first proposed, 
there was concern on the part of a few senior manager of "What 
might happen." Although the majority and the leadership of senior 
management supported the policy, a few were initially concerned 
that, there could be mass defections, that disagreements about 
smoking would cause major disruptions in work units, and that it 
could turn into an "employee rights" issue. However, these things 
did not happen at Rainier. 

"We had more complaints from nonsmokers before the policy was 
implemented than we got from smokers after it was enforced." 
Broffman says. His advice to other companies considering a smoking 
ban? "Do it! You can make it work!" 
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PACIFIC NORTHWEST BELL 

Overall Policy: Because of health concerns related to smoke, 

PNB does not allow smoking in any company facility. 

On October 15, 1985, Pacific Northwest Bell became the first large 
company (15,000 employees in 750 buildings) to go completely smoke 
free. Its policy is simple: 

"To protect the health of PNB employees, there will be no smoking 
in any company facility." 


Options for Smoking Restrictions 

Prior to the establishment of the policy, PNB had allowed each work 
group to decide, itself, whether or not it would be a smoking area. 
Problems arose, however, when adjacent work groups had differing 
approaches. Smoke would drift around barriers, waft across no¬ 
smoking desks, and generally infiltrate all areas of the building. 
Smokers assigned to no smoking areas would merely walk into work 
groups that permitted smoke, making the atmosphere even worse for 
nonsmokers in the area. Difficulties occurred even within 
individual units that voted to eliminate smoking. If 60 percent 
voted to be a clean air area and 40 percent voted for smoking, the 
question arose as to whether the wishes of four-out-of-ten 
employees could really be ignored. 

While this kind of democratic approach had initially sounded like 
an easy way to avoid forcing a company-wide policy, it was seen as 
unfair and inequitable by most workers. No one was really 
satisfied and all the underlying problems still existed. 
Eventually both managers and employees began exerting pressure on 
PNB to develop a company-wide policy. 


Employee Involvement 

In January, 1983, a Smoking Issues Steering Committee was 
established consisting of smokers, nonsmokers, and a group often 
forgotten, former smokers. Employees representing their unions and 
from the legal, health services, safety, and many operating 
departments were part of the task force. One of its first 
undertakings, an employee survey, brought an astonishing 74 percent 
response rate, attesting to the importance of the issue among 
workers. In addition to comments from those who were randomly 
surveyed, 151 people who were not part of the survey group made the 
effort to get copies from their friends so they, too, could have 
their view heard. They included 135 nonsmokers and 16 smokers. 
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Results of the 1983 questionnaire showed that 2 8 percent of PNB 
employees smoked, but that the majority of employees were bothered 
at least occasionally by smoke at the workplace, and almost 80 
percent said the company should be concerned about smoking at the 
worksite. 

Two-and-one-half years after its inception—following a great deal 
of research and discussion by the task force, as well as 
involvement in the issue by numerous Quality of Work Life teams and 
various ad hoc groups—the employee committee recommended to the 
officers that smoking be eliminated at PNB. 


Union Involvement 


At PNB, unions were instrumental in all phases of policy 
development. Not only were they included in the employee committee 
making recommendations about a future policy, but leaders of both 
unions were part of the June 1985 presentation to the company 
president of the committee's recommendation. "They were not there 
as advocates for a no smoking worksite," cautions Len Beil, 
•'director of huma-n resources planning and employee involvement. 
'•They were _ pres'ent, rather, to state that they had been involved 
in the process and what their positions would be on a strong 
policy. While they did not endorse the complete elimination of 
smoking in all buildings, they stated that their unions would not 
formally fight its implementation, either." 

Beil adds that the union members on the committee were "extremely 
helpful" in all aspects of policy development, and that while they 
never fought against the policy, they negotiated successfully for 
several compromises that proved to be fair and beneficial for all 
employees. Initially, the company wanted to reimburse employees 
for smoking cessation classes after successful completion. The 
union position was that PNB's goal was to assist and encourage 
employees to live with the policy and comply with it—not necessary 
to get them to stop smoking. Therefore, they pressed, the company 
should reimburse totally for cessation classes, whether or not the 
employee completed the series. On the issue of smoking in company 
vehicles, union representatives stressed the difficulty of 
enforcement and potential problems if cigarette butts were found 
in a company car or truck ash tray. On both issues, PNB went with 
the unions' requests. All employees got full reimbursement for 
taking a cessation class and smoking in company vehicles is a 
matter of "common courtesy." The unions also urged that any policy 
be consistent throughout all company locations and for all 
employees. 


Education 
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The day the policy was announced, which was 90 days before the 
policy was to go in effect, PNB provided two telephone hot lines 
to answer questions about the policy and provide information on 
free cessation programs for employees and their dependents. 14 A wide 
range of quit opportunities were made available, many on company 
time, with PNB paying all fees following completion. But PNB also 
garnered kudos from many employees by allowing them to take classes 
outside the company and still get reimbursement. The ability to 
choose their own quit method seemed to add to their commitment to 
succeed and helped encourage a friendlier attitude toward the 
policy. 


Benefits 


Within the first two years, 1,738 people had gone through cessation 
programs—1,353 of them employees, 360 spouses, and 25 dependents- 
-receiving full reimbursement from the company for a cost of about 
$250,000. Is this investment worth it to PNB? "Yes,” says Beil. 
"It is money well spent. This equals the cost of just two or three 
cancers cases. And,we would much rather pay for 1,738 to try to 
quit smoking than pay the results of their continued habit." 


Enforcement 


PNB reports that there have been "no real problems" with 
enforcement. On the first day, there were reports that one or two 
people were smoking behind closed doors in several locations. But 
"word got around" and by the second day they were abiding by the 
rules. Although several people threatened to contact lawyers and 
a few employees tried to organize a Smokers Rights day, nothing 
significant came from any of the attempts to block implementation. 


The bottom line: After two years, no one has quit because of the 
no smoking policy, there have been no grievances, and smokers at 
PNB have dropped from 28 percent to 2 0 percent in the two years 
since implementation. All in all, the company views its no smoking 
policy as an unqualified success. 

SUMMARY 

1. The movement of businesses to develop and implement smoking 
control policies appears to be strong, and gaining momentum. 

2. Employees and unions should be involved in the developement and 
implementation of workplace smoking policies. 

3. Enforcement of smoke-free workplace policies has not proved to 
be a real problem for business. 
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CHAPTER 11, APPENDIX 

IS THERE ECONOMIC JUSTIFICATION FOR 
NO SMOKING POLICIES AT THE WORKSITE? 

By Ruth Behrens* 

Washington Business Group on Health 


The health hazards of smoking—including smoking at the workplace- 
-have. been well documented. Smoking greatly increases an 
individual's chances of contracting serious illnesses, such as 
cancer, chronic bronchitis, emphysema, and coronary heart disease, 
and of dying prematurely as a result of these diseases. There is 
little doubt that smoking also has a significant economic impact. 
It'is estimated that businesses pay over $100 billion per year in 
health care costs. A significant portion of this bill is the 
result of smoking, and is paid out through insurance premiums for 
employees, dependents, and retirees who smoke or breathe second¬ 
hand smoke, as well as for nonemployees who smoke or breathe 
others' smoke through programs supported by state and local taxes. 
.In other words, smoking is costing businesses a lot of money. 

How much does smoking cost U.S. businesses? No one knows exactly. 
But a growing list of researchers are tackling the difficult job 
of attempting to identify these costs. 


Costs of Smoking to the Nation 

At least three major studies have addressed the question of what 
smoking is costing the nation. 

In 1978, Luce and Schweitzer estimated the economic costs of 
smoking in the United States to be $47.6 billion. They further 
broke this down to $811 per adult smoker, or $1.56 per pack of 
cigarettes sold. 1 

In 1985, the Office of Technology Assessment, U.S. Congress (OTA), 
estimated that smoking costs the nation about $65 billion per year 
in lost productivity and health care costs alone. OTA estimates 
that smoking-caused illness results in $43 billion in lost 
productivity annually (or $1.45 for each pack of cigarettes sold), 
expenses borne largely by employers. Businesses also pay a 
significant portion of another $22 billion in smoking-related 
health care costs, since nearly two-thirds of the costs are 
incurred by those under 65. According to the OTA, combined lost 
productivity and health costs related to smoking equal $2.17 per 
pack of cigarettes sold. 
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Most recently in 1986, a group of researchers, which included the 
former director of the government's National Center for Health 
Statistics, concluded that smoking costs the United States at least 
$53.7 billion each year in direct medical costs and salary losses 
alone. These cost estimates were calculated by comparing the 
health costs and income losses from smokers in excess of the same 
amounts incurred by nonsmokers. The study concluded that smokers 
are sicker and require more medical care than nonsmokers. 3 

The components of the $53.7 price tag were broken out as follows. 

o Direct medical costs such as doctor bills, drugs, and 
hospital and nursing home expenses were $23.3 billion more 
for smokers than the average of nonsmokers. 

o A total of nearly $9.3 billion was lost in salaries due to 
smokers being sick with smoking-related diseases including 
lung cancer, heart attacks, stroke, emphysema, and other 
respiratory illnesses. 

o In 1984, lifetime earning losses from smoking related deaths 
were approximately $21.1 billion. 

The authors characterize their findings as "conservative" since 
they "did not take into account the adverse effects of passive 
smoking, risks of abortions, stillbirths, and neonatal deaths, or 
deaths under age 20 that might be associated with smoking." 

In their paper published in The Milbank Quarterly . Rice et al 
translated all three of these studies to 1984 dollars. The result 
is three analyses of the economic impact of smoking on the nation 
that demonstrate enough similarity to underscore that smoking does, 
indeed cost our country a staggering amount:' 

o Luce & Schweitzer show a cost to the nation of $52.8 billion 
per year in 1984 dollars; 

o OTA, $62.2 billion in 1984 dollars; and 

o Rice et al, $53.7 billion in 1984 dollars. 3 


Differing Methodologies Make Pinpointing Worksite Costs Hard 

A number of researchers also have attempted to assess the specific 
costs of smoking to businesses. But many problems arise when 
attempting to identify one, or even a "best" methodology for 
arriving at these costs. 

Among the difficulties in conducting any study of the costs of 
smoking is the fact that smokers differ from nonsmokers in several 
genetic, social, and economic characteristics that may contribute 
to disease. For example, the prevalence of smoking varies by race 
(more blacks smoke that whites), education (fewer college graduates 
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smoke than persons with only some high school), income (males with 
lower income smoke more, while the opposite holds for women), and 
occupation (blue collar workers smoke more than professional or 
technical workers). If factors known to be related to health 
status and smoking habits are not controlled, the impact of smoking 
on health and the costs of smoking may be overstated.^ 

When examining smoking in the worksite, specifically, other 
methodologic issues must be resolved. Marvin M. Kristein and 
William Weis both published studies in the early 1980s identifying 
the cost to business of each smoking employee. Kristein estimated 
the cost in 1980 dollars to be between $336 and $601 per smoker 
annually, while Weis placed the figure nearer $4500. 5 These 
findings are now outdated; in an article published in 1989, 
Kristein has stated that "...the typical smoking employee in 1988 
cost the typical employer at least $1000 in excess costs" compared 
to a similar nonsmoker. However, a look at why their conclusions 
differed 10 fold dramatically illustrates two points; 1) the 
difficulty of pinpointing the cost of smoking to businesses, and 
2) the wide range of business costs that can be affected by 
environmental tobacco smoke. 

.Much of > the rather staggering discrepancy between the two studies 
is attributable to their selection of different categories of costs 
to include in the equation, the weight given each category, and the 
salary assigned to the average smoker. 

According to Weis, business costs in at least ten areas are 
affected by smoking or smoking controls, including no smoking 
policies: health insurance; incremental absenteeism; life and 
disability insurance; fire, liability and industrial accident 
insurance; ventilation and energy consumption for heating and air 
conditioning; legal liability; property damage, depreciation and 
maintenance; time lost to the smoking ritual, employee morale, and 
corporate image. Kristein factors in health and life insurance, 
fire losses, workers' compensation costs, absenteeism, 
productivity, and occupational health costs. (In a 1984 article, 
Kristein looked at only short-term costs and included fire, 
accidents, ventilation, cleaning, productivity, and occupational 
health risks.) 8 

To help illustrate the differences between Kristein and Weis's 
total smoking-related costs, one can look at how each calculates 
the costs of absenteeism to employers due to smoking. 

Weis uses government data that shows a smoker is absent 2.2 days 
per year more than a nonsmoker. Using $30,000 per employee as the 
average annual wage and salary, including fringe and payroll taxes, 
the- company pays approximately $120 per working day for every 
employee on the payroll. Assuming a 25 percent return on payroll 
dollars, the direct cost to the employer is $150 per absence, 
excluding the cost of temporary replacements. According to this 
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formula, the total cost per smoker per year due to absenteeism is 
$310. A similar system is used by Weis in determining costs in 
other categories. 7 

Kristein, on the other hand, used 1979 data showing smokers are 
absent 33 to 45 percent more than nonsmokers, or 2.0 days more per 
year, and assigns a daily salary of just $40 per smoker due to 
smoking (versus $150 for Weis). Thus Kristein includes from $40 
to $80 per smoker per year attributable to absenteeism in his total 
(versus $310 for Weis). 

While Kristein's estimates are based on what he called "real 
numbers” drawn from insurance companies, U.S. government 
statistics, and detailed academic studies, he cautions, "We lack 
meaningful 'case controlled' company comparisons of experience with 
smoking employees versus nonsmoking employees.... In general, the 
emphasis is on underestimating the costs to business." 9 


Economic Impact of Smokers on the Worksite 

Evidence also shows that, in addition to excess absences of two or 
more days per year, smokers exert other types of economic impacts 
on businesses over their nonsmoking counterparts. Studies have 
shown that: 

o smokers have twice as many job related accidents as 

nonsmokers. 10 

o Smokers are 50 percent more likely to be hospitalized than 
those who do not smoke. 

o Employers have been held legally responsible for at least 
part of the disability cost for smoking employees who 
contracted smoking related illnesses, in addition to claims 
from nonsmoking employees who were adversely affected by the 
smoke of others. 11 

o Companies with certain occupational hazards can expect 

greatly increased costs related to smoking. For example, an 
asbestos worker who smokes is ten times more likely to die 
prematurely than his nonsmoking coworkers. A smoking uranium 
miner has six times the risk of contracting lung cancer as 
a nonsmoker in the same job. 4 

In addition, many health consequences of smoking translate directly 
into increased health care costs, since employers pay for a major 
portion of these costs for their employees, dependents, and 
retirees. 

o Heavy smokers (two or more packs a day) are 15 to 25 times 
more likely to die of lung cancer than nonsmokers, and 
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overall, smokers are ten times more likely to die of lung 
cancer than nonsmokers. 12 

o Eighty to 90 percent of such long term severe lung diseases 
as emphysema and chronic bronchitis are related to smoking. 13 

o It is estimated that 30 percent of all cancers are caused by 
smoking. That means that 138,000 Americans died of cancer in 
1986 because of smoking. 13 

o Heavy smokers are three to four times more likely to die of 
cancer than nonsmokers and overall, the risk to smokers is 
two times greater than for those who don't smoke. 12 

o More than 550,000 Americans will die of coronary heart 
disease this year, and up to 30 percent of those deaths will 
be attributable to cigarette smoking. 14 

o Heavy smokers have a 200 percent greater risk of dying from 
coronary heart disease than nonsmokers, and overall, the risk 
for all smokers regardless of the amount smoked, is 70 
percent greater than for those who don't smoke. 1 4 

o Evidence demonstrates that smoking during pregnancy has a 
significant adverse effect upon the well being of the fetus 
and the health of the newborn, including causing lower birth 
weight infants and increasing the risk of spontaneous 
abortion and neonatal deaths. 10 

o Children of smoking parents have increased prevalence of 
respiratory symptoms and have an increased frequency of 
bronchitis and pneumonia early in life. 13 

Two studies relate smoking directly with costly health-related 
events, stroke and automobile accidents. 

A study has concluded that smokers who quit can decrease their risk 
of having a stroke by more than half when compared to those who 
continue to smoke, thus cutting dramatically their potential health 
care costs. 5 

A two-year study in Worcester County, Massachusetts, comparing the 
motor vehicle driving records of smokers with nonsmokers found that 
smokers had 50 percent more accidents than nonsmokers and 46 
percent more traffic violations. The study identified several 
reasons for the smokers' increased risk of being involved in costly 
accidents and violations, including 

o smokers' more frequent use of alcohol and drugs, 

o smokers' greater risk-taking behavior, and 
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o smokers 1 diminished attention to driving due to the 
distractions associated with smoking. 16 


Individual Companies Document Costs. Consequences of Smoking 

While studies conducted by individual companies have varying 
degrees of validity, they do offer some further insights into the 
price businesses pay for their smoking employees. 

In a study of 40,000 employees at 27 locations of the Control Data 
Corporation, CDC found that smokers cost the company substantially 
more in health related costs than nonsmokers. The study, using 
health data collected from 1981 to 1984, found: 

o' Smokers of one pack of cigarettes per day or more generate 
health claims 18 percent higher than nonsmokers. 

o Smokers of one cigarette to one pack per day accrue claims 
. costs 10 percent higher than nonsmokers. 

o Heavy smokers have 25 percent more inpatient days than their 

counterparts who do not smoke. 

o Heavy smokers are 29 percent more likely to have health 
claims over $5,000 than those who do not smoke. 17 

One Los Angeles company estimates production losses alone at $675 
per smoker per year. Adding longer term costs such as absenteeism, 
premature death, and illness would raise the cost to at least 
$1,000 per year for each smoker. 18 

Provident Indemnity Life Insurance Company charges its smoking 
employees the excess rate of their insurance coverage over that of 
nonsmokers, an amount in the vicinity of $300 per year. 19 


Smoking and the Bottom Line 

When viewed in the aggregate, these studies may appear to make a 
compelling case for the potential of smoking control programs and 
policies to significantly cut long-term business costs. However, 
a number of researchers, including health promotion and smoking 
control advocates, point out that this conclusion may not be 
justified. In some cases, the studies presented have significant 
methodological problems or their underlying assumptions may be 
flawed. Equally important, the total costs of developing and 
implementing smoking control programs and policies, coupled with 
the increased costs associated with longer life resulting from 
quitting smoking (pensions, retiree and dependent health care 
costs), may eliminate any financial gain for the company. 
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Following are several examples and studies illustrating how these 
supposed cost savings may not be what they initially appear to be. 

As is pointed out in this appendix, many of the costs associated 
with smoking can be attributed to characteristics of smokers (risk¬ 
taking style, alcohol and drug use, low socioeconomic status). 
However, it is unlikely that these basic characteristics would 
change, even if the individual employee was induced to stop 
smoking. 

A portion of the supposed economic penalty associated with hiring 
smokers results from an increase in absenteeism seen in employees 
who smoke. Statistics indicate that people who smoke are eight 
times more likely than nonsmokers to have alcoholism. Thus, 
helping current employees stop smoking might not have the expected 
effect on absenteeism, since in some, alcoholism also is a root 
cause of the absenteeism. 20 

Some argue that smokers already are "paying their own way" through 
cigarette excise taxes. In examining the lifetime costs that 
smokers impose on others through collectively financed health 
insurance, pensions, disability insurance, group life insurance, 
.fires/ motor-vehicle accidents, and the criminal justice system, 
'Willard G. Manning, et al, conclude that on balance, smokers 
probably pay for their own costs to society under the current level 
of excise tax on cigarettes. 21 

According to Kenneth E. Warner,, Ph.D., a successful workplace 
smoking cessation program will reduce certain health care costs, 
life.insurance co,sts, disability costs, and absenteeism, and it may 
increase productivity as well. "However," he adds, "one thing that 
it is almost certain to do, by virtue of its success, is to extend 
the lives of a subset of employees well into retirement, implying 
both pension and health care (and other) cost implications...." 22 


Warner concludes that when all costs are taken into account—such 
as, for example, the increased costs of pensions, health care, and 
disability for retired workers who live longer because they stopped 
smoking, versus the decreased costs for workers who continued to 
smoke, _ die prematurely, and are replaced by a younger, less 
expensive employee—businesses might very well conclude that, from 
a purely economic point of view, it may be cheaper to allow 
employees to continue smoking. 22 Louise Russell, 23 Thomas 
Schelling, and others have come to similar conclusions based on 
cost savings alone. 

Individuals such as these, who debunk the idea that smoking control 
programs will result in cost savings for businesses, do not, 
however, conclude that it is in best the interest of businesses and 
society to advocate smoking or to shun smoking control policies. 
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There are obvious short term benefits of a smoke free workplace, 
over and above the health-related savings Warner lists above. They 
include reduced building and equipment cleaning and maintenance 
costs, reduced costs from fire damage and insurance, reduced energy 
consumption cost because of reduced ventilation needs, and reduced 
turnover. In addition, there are the less tangible benefits of a 
working environment that is perceived as being better by the 
overwhelming majority of employees, as well as an improved company 
image. 

But for many, the potential of better health for employees, and of 
eliminating or delaying the onset of degenerative or fatal diseases 
is the most compelling reason to implement a company-wide smoking 
control policy. 

So the real bottom line for companies considering whether or not 
to implement a smoking control policy or a smoking ban may not be 
a simple dollars and cents formula. But rather, the bottom line 
may be as pragmatic as the need to comply with local legislation, 
or the desire to improve productivity, as paternalistic as the 
desire to have happy, loyal employees, or as altruistic the desire 
to "do the right thing" by providing the most healthful environment 
for its employees. If costs savings follow, these companies may, 
themselves, have received a bonus. 

SUMMARY 

1. Smoking in the workplace increases business costs because the 
diseases of smoking increase absenteeism and hospitalization, and 
may increase insurance, disability and legal dosts. However, these 
costs may be offset by the longer lifespan of employees who quit 
smoking as a result of workplace restrictions, increasing pension 
costs to employers. 

2. The most compelling reason to restrict smoking in the 
workplace is the potential for better health for both nonsmoking 
and smoking employees, by eliminating or delaying the onset of 
degenerative or fatal diseases. 
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